


*0 II G A NIC C, IIE MI S’T 11Y 


l’OI' 


ADVANCED STUDENTS 





FOR 


ADVANCED STUDENTS 


pa in: i 

jt.BA0TIOl\S 


nv 


JULIUS H.' COriEX* Pii.D., KSiA F.R.S. 

» " 

I'llUBB-iSOIt HI*' OIUMJ4IO UHHMISrilV IN TIIB UNI*VkII«!ITY UK LBK1IS 


VlIlKD EDITION 


LONDON 

EDWARD ARNOLD 

4-1 & 43 MADDOX STREET, ttOND STREET, W. 


1920 

| Alt rights reserv'd | 



PIUNTF.P AT OXFOliP, ENT.iAND 
UY Kl’KDKKICK HALT, 
PlIl.NTlili TO Till': US' VIlllSlT V 



PREFACE TO THE SECOND EDITION 


The object of recasting the forner two volumes of the 

‘ Organic Chemistry for Advanced Students ’ in the three pa v ts 

m which they now appear has been to group together allied 

subjects ami to link tl;$m as far as possible in a consecutive form. 

As this entailed re-arrangement f the plates, an opportunity 

was afforded of bringing the subject-matter up to date, ami 

very considerable additions have been made to the contents 

of the former volumes. As sls\Ud in the original preface, 

tlitf book is not intended to servo as a reference book, but to 

'furnish a general rurvey of those fundamental principles which 
^ * 

underlie the modern developments of this brunch of chemistry. 


J. II. COHEN. 


d larch, 1U1.S 


PREFACE TO TI1E THIRD EDITION 


Advantage has been taken >f tl-e necessity for a reprint to 
\t?ld a 'number of references to recent literature, which will 
enable tbo student to bring bis information up to date. 


t tjuly, 1920; 


J. 11. COHEN. 
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ORGANIC CHEMISTRY 

PART 

« 

CIlAPTE^t 1 

• “ » 

HISTORICAL INTRODUCTION 

|£> 1 ' 

The Radical 1 of Benzoic Acid. Iif the year 1832 Eicbfg and 
^Wohler published their classical memoir, entitled, ‘ Experiments on 
ttxe Radical, of Benzoic Acid \* a 

Viewed in the light of our present knowledge there is nothing 
fery remarkable in the facts which they discovered. Starting with 
Jiitter ahnond oil, which wo now term bcnzaldcliydc , they converted 
itftby the action of chlorino and bromine into benzoyl chloride and 
Iw^midc. Benzoyl chloride treated successively with potassium 
iodide gave benzoyl iddide; with ammonia, henzamide; with lead 
• dftlphide, bonzo^l sulphide ; with mercuric cyanide, benzoyl cyanido 
and with alcohol, benzoic other. Bittor almond oil had, moreover, 
beeucfoimd by Stango (1824) to undergo r^pid oxidation in tlio air 

l and to be transformed into an acid—benzoic acid—identical with 

• ^ 

the substance derived from gum benzoin. ^ ' m m 

Sufth js briefly* the su|pstr,nco of the investigation to which the . 
following introduction is attached. ‘When ft chemist is fortunnlo 

i , e *, * 

Plough* to perceive ftmo ray of light penetrating the dark region of 
organic nature, jyhich may mark the entranco to the right path 
of future knowledge, ho has reason to feel encouraged, allhough 
conscious, of tho vast ness of tho field which lies before him.’ 

•Ill order to realize the inn ortance of a memoir wliich created 
pre found* impression, among contemporary chemists, and wa% 
welcomed by Berzelius as ‘tKe dawn of a new day’, wo must tal*o 
a glance «at the branch of chemistry which at this period formed 
'jut dark fegion'of organic nature *. 

.« Origin of the Radical Theory. If Are turn to Lemcry’s Corns 

de Cljtfmic, which was the popular^ text-hook from 1(»75 down to tin? 

yiidd'A of tho eighteenth century, we "find all known substances 

1 It is nil interesting and curious fact that with acwnittedly ‘ little to recom¬ 
mend it’ {Trans. Chew. Hoc., 1905, 87, 518) tlio Chemical Society of Gre^t Britain 
has seen lit to illter the original spelling to ‘ radicle’, and the Society now'hojtls 
the unique position of being the only representative body of chemists which 
hue adopted this spelling, i * 

* lliebig’s Anmien, 1832,#, 249; Ostwnld’s Klassikcr, No. 22. 
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distributed according’to their origin between the mineral, vegetable 
find animal kingdoms. Under the two divisions f vegetables and 
animals occur thp names of substances which have been known 
from remote times, srch as sugar, starch, fats a*id oils, guiqs ar-d 
resins. By the process of,j distillation alcohol }iad been obtained 
from fermented liquids, acetic acid from vinegar,- turpentine irdm 
resin, and various sweet scented oils .from ph.nts. Vegetable 
colouring matters wore employed in dyeing, and oils and fats in the - 
produpliop of-soap. Extracts of cinchona bark, opin n and other 
vegetable substances were used in medicine. Towards the close of 
the eighteenth century Schf:*lo isolated and clearly distinguished the 
acid principles present in various vegetable and animal products, 
lie found malic acid in apples, citric acid in lemons, oxalic acid in 
wood sorrel, gallic acid in galls, lactic acid in sour milk, and uric 
acid in urino. IIo also obtained from olivo oil, by boiling it with 
lead oxide, a swe-t, viscid liquid, yyliicli we now know as glycerine. 

These varied products of animal and plant life which, \ 'hen 
ignited took fire, or whon heated in closed vessels charred and gave 
off water and other volatile matters, contained, recording to the 
views of the plilogistonists, more of tho aqueous and comhustihlo 
principle or phlogiston, than mineral substances * They werof 6rmed . 
organic to indicate their origii; from living or organized matter. 

With Lavoisier’s discovery of the cause of oxMation and com¬ 
bustion, the element oxygen became in chemistry very nn.ch what 
the sun is in our solar system: Tho chemistry of Lavoisier was the. 
chemistry of oxygen. All compounds wero oxides, generally simple 
oxides-of another element. Tj the othor element attached tq oi > gen 
de Morveau applied tho term luse or radical. Tho simple oxides 
were divided'into salifiable and acidifiahle Hses, and tliea united 
to form salts. 1 The system was essentially dualist?'?, nnO-ico: 
'Gained the germ of tho theory subsequently developed by Berzelius. 
Lavoisier, who was the first tc demonstrate tho true composition of 
organic substances, extended the idea of radical so a. to embrace 
those compounds (1784). Organic substances which generally con¬ 
tained carbon, hydrogen, and oxygon, and occasionally nitrogen ard 
phosphorus, were regarded asf oxides of a radical, composed of at 
I erst two elements, carbon and hydrogen. Sugar, which yielded 
oxalic acid on oxidation, was the oxide of a hydrocarbon radical, and 
oxalic acid formed its Ivgher oxido. The radical teas pur clg hypo¬ 
thetical. Indeed, so little was then known about the nature of 
organic compounds that, with the advent of the atomic theory,. 

* Lavoisier's Elements of Chemistry , translated ey Kerr, 1802,1, 289. 
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it fras held to be doubtful if thqp elements composing them com¬ 
bined in simple ..tomic proportion and obeyed the lffws of combina¬ 
tion which had l>een found to obtain 141 tlip province of inorganic 
chemjptry. OSgsidc compounds wore t|/e products of a vital force , 
not necessarily ^dependent on tli<a cliojiical laws governing inert 
matter. This View was commonly hold until BeAselius, in 1814, by 
•improving the method qf organic analysis, showed from the results 
of his analyses of sugar and some £f the organic acids, thalPbrganic 
compounds vjere subject to thb ordinary l;^ws of chemical combination. 

Berzelius jyloptod Lavoisier’s view of the mi euro of organic com¬ 
pounds; frfr in his Treatise on' Chemist >v/ e (2nd edition), published in 
1817, hejsstys: ‘After having becomeemore closely acquainted with 
tjie difference between the products of organic and inorganic Nature 
and the different manner in which their constituents arc combined 


together, we liavo found the difference to consist in this: that in 
inorganic Naturo all oxidised bodies possess a simple radical, whilst 
all’ <irganic substafices^ consist of oxides„of compound radicals. In 
vegetable substances the radical consists usually of carbon and hydro- 
*gen, and in %niwal products of carbon, hydrogen, and nitrogen.’ 

To follow the history of organic chemistry from this point, and to 
^roali®}, the netwmlfc of difficulties in wduch its votaries became 
gradually and unconsciously entangled, it will bo^necessary to 
understand the qjectro-chemicnl system of •Berzelius and the ityetliod 

of notation which* was founded upon it. • 

• # 

* The .Atomic unfl Molecular Weights of Berzelitts. The dis¬ 
covery, in 1808, of Gay Lussac's law governing gaseous combination 
or tile -i law of volumes’, as it was cdmmonly called, of Dulong and 
Petit’s law (1810) which determined ^he relation of specific heats to 
the coTfibming weight*, of the ^elements, and of Mitsclwrlich s law of 
‘feonfcrplfisjfi (1820) enabled Berzelius, after a careful revision of the 
combining proportions T>f tins elements, to assign atomic weigtyS 
based upon principles which we still recognize and adopt. Thus, if 
oqijal vo W es *qf elementary gases contain tho samo fc number of 
aroms, the formula for water must be represented by II 2 0 since two 
Atilmnes of Cydrogeii unite with one volume of oxygon; Nil., will 
stamifor ammonia, and HC1 for hydrochloric acid. Tho method did 
W)t involve any question as to the vohimos occupied by th <4 cam* 
bined gas, which offered a difficulty oqjy solved later when 
Avogadro’s distinction of molecules conslitmntes, and inleyrantes, or, 
as we now say, atoms and molecules, w»s clearly recognized . 1 The 

* 1^0 Grundlagen der MolSj(lart)ieorie, Ostwald* Klassiker, No. 8 ; Amgudro and 
Dalton, by A. N. Meldrum, ffuljj W. F. Clay, Edin. 

B 
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direct application of t?he law of volumes was limited to comparatively 
few elements. ' A wider range of atomic weights . vas derived from 
the specific heats of the mot ale and the isomorphism of their salts. 
Where none of these principles could be applied'che*atomic weights 
were ascertained by the si ipnlest' -gravimetric relation of an element 
to oxygen in its'oxide. The atomic* weights , of tlio metals which 
formed basic oxides were derived from those oxides which were 
assumed to contain a single atom of each element. Consequently 
the atomic weights of the alkali metals and of silver which formed 
isomorphous salts With them, received double their present values. 
The formulao for potassium and silver oxide and chloride were 
written KO, KCL, AgO, AgCl 2 ; tho formulae of amntonia and 
hydrochloric acid, originally written NH 3 and IIC1, were afterwards 
doubled by using the barred or doublo atom thus : NH ;} = N 2 II 0 and 
BG1 — HyCL with the object of making them equivalent to the 
atomic weights «.)f tho metals. For the same Reason II 2 was the 
equivalent of 1 atom of oxygen and the formula'for wator appeared 


as IIO = ILO. 

- » ( • 
The series of atomic weights elaborated by Be^elvis with rare 

analytical skill and an unerring instinct, which guided him where 

principles failed, differ littlo from tho modern \ alm-s. - * 

In the tlivjsd column of tlu> following table is a list of tho more 

important atomic weights taken from Berzelius’ revised numbers, 

which appeared in 1820, oxygen being 1*00. Tho fourth* column 

contains tho figures calculated with hydrogen as the unit*; in the- 

fifth column aro tho present values: 


r-a 


Name . 

ii 

Formula. * 

„ Berzelius’ numbers. 
0=100 | Ho- 1 

Present 
n umbers. 

ii - r 

Oxypen 

mm 

100 

10.020 

ISi.’iS J 

Ilyilropon 

Mi. 

6-2?9 

r 1.000 

1.00 

Nitrogen 


88.518 

14.180 

'13.93 

Sulphur 


201-1 (So 

32-259 

31.83- 

Phosphorus 


190.155 

31.430 

30.*77 ' 

Chlorine 

Cl 

221025 

35-470 

55.18 

Iodine 

i 

708.781 

123-206 

12590 

Fluorine 

i ? 

110 900 

18.734 

18-90 

Carbon 

c - 

70457 

12.250 

11.91 

Potassium 

K 

*89910 

78-515 

38-80 

Sodium 

Na* 

290.897 

40-020 

22-88 

Silver 

Ag 

1.551.007 

216-011 

107.12 

Calcium 

Ca 

250.019 

41-050 

39-80 

Strontium 

i*Sr 

647.285 

87.709 

80.91 

Bari um 

Ha 

850.880 

137-525 

130.40 

Iron 


559.215 

5}. 505 

55-50 

Aluminium 


171.107 

- J 7.431 

26.90 

Chromium 

mm 

351-819 

v 0 383 

61-70 









' ATOMIC AND MOLECULAR Wfc'lGIIT^ OF fttiRZELlUS 5 

Jfl a memoir published in 1826, ‘Sur quelques points*de b* theorie 
atomistiquc,’ Dumas 1 attempted.t 6 extend the application of Avo- 
gadro’s hypothos'jj to tlie determination of both atomic and molecular 
weights from £ho tensities of gases and Vapoflrs, in connection with 
wliiclf he devised his well-known ^methftl. ft is a curious fact that 
h% not*onfy failed*to commend his limhod to tlje chemical world, 
but ended by convincing himself of its* futility. 

The result was duo partly to a cltfjnsy way of presenting Jjdp ideas, 
and partly to the confusioij introduced by the anomalous vapour 
densities of some of tho elements. D fun as .set forth 41mt» equal 
volumes cynfciin the same number of atoms or molecules ; conse¬ 
quently, ,if pne volume or,atom of hydrogen unites with one voluiuo 
or atom"of chlorine to form two volumes or atoms of hydrochloric 
#cid, tho original atoms of hydrogen and cjilorino are divisible 
into half atoms of each olenient. A half atom of oxygen must 
f()|' Uie saruo reason be present in the atom of water and so forth. 
Though Dumas , m no doubt, clearly distinguished between his 
physical atoms or molecules and his chemical or half atoms, the 
Subdivision of the atom implied a contradiction in tho term and did 
not fail to call forth criticism. As Dalton said, * No man can split 
an afcom.’ 2 * 

But* this was not all. Dumas’ atomic weight for silicon, 
which he correctly interpreted from the vapour density of the 
clidoj’idu, differdt 1 * from tlm number obtained by Borzoliufi, who 
derived it* from the oxide, written SiO ;1 from its analogy with SO : „ 
, CpO*, *&c. Tho sulomic weight of mercury, determined from tho 
vapour density # of tho metal, was half that assigned by Berzelius 
from its speciiic heat. Finally, the anomalous vapour densities of 
pliosplioi;us, sulphur, and, as Mitscherlicli found later, arsenic, 
gave atomic weights which conflicted with thoso previously derived 
iSunias ?»imself froiy the vapour densities of their hydrides and 
chlorides and^hook his confidence in his own method. • 

Berzelius’ system of atomic weiglits also had its critics. As we 
^dVe seetP, doubt had been thrown by Dumas on tl#e validity of 
the law of yolumes. The atomic weights of several of tho elements 
which wore derived from tho specific heats .did not conform to tiio 
atomic weights deduced fr#m tlu& law of isomorphism ; for example, 
•the isomorphism of the silver salts and thoso of tho alkalft ffcced 
the atom of silver at 210 , whilst its specific heat gave the number 
108. Mitscherlicli’s Jaw itself was not fret* from objection, inasmuch 

1 \nn. Ohim. I'hys., 182i. 33, 337. 

3 tymoirs qf Dalton, by Dr. Hoary. 
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as the existence of dimorphous substances left th'j choice in sqmc 
cases doubtful. * ^ , 

The principles which served Berzelius for hifi determinations ‘ 
gradually fell into discredit? 

r 

Gmelin’s Equivalents.* Leopold, Gmelin, flio .author“of the 
classical treatise which bcaro*his name, suggested’ a reversion to 
the sypt^m of equivalents, a terjti introduced by Wollaston in 1808.' 
Hi rejn’esented the simplest grayimetrip relations, without reference 
to tho lax/ of volumes, amt received strong support from Faraday's 
newly discovered electrolytic law (1832). ‘ t 

Tho old and new systeflhs wore easily reconciled by using the 
barred or double atom of Berzelius, and appeared side by sido for 
many years without, giving rise to confusion, until tho double atoiU 
eventually disappeared. Kolbe was ono of the last to use the 
barred atom of Berzelius, which he abandoned about 1S50 in favour 
of the equivalent‘notation. ‘ u ■$ n 

The following formulae* for water, hydrochloric acid, ammonia, 
and phosphoric oxide, represent the original and modified notation 

of Berzelius and the corresponding equivalent notation of Gmelin: 

1 

Berzelius t original formula H>0 IT.,f!J 2 o. N.,II a T-jOj 

(II - 1 ; O = 16) (modified „ H€1 Nil, PO, 

O'meliif equivalent ,» Hi) 1IC1 Nil, PO. 

* (11 = 1 ; 0 - 8 ) “ , / " . . 

* . . * » ■ 
Henceforth, densities of volatile organic compounds, t though 

frequently determined with the object of controlling analytical, 

results, never served as a mequs of ascertaining njolecular weights 

until many years bad elapsed, wjion Gerliardt and Laurent revived 

tho hypothesis of Avogadro and Ampere. The aggregate yeight 

of the atoms might correspond to one, two, or a multiply of 'two 

volumes of the vapour compared with one volume of hydrogen.* 

‘The formulae for chloral C^OlolX^O^) chloroform CHLClg, alcohol 

C 4 II, 2 0;j, and acetic ether C s lf|, ; 0 4l corresponded (o four ^volumes, 

i*" • ^ | 

whereas those for “ether C 4 IIi„0, oxalic ether C (i H,;,0 4 , ahd succurc 
ethpr C rt IIj 4 0 4 , coi-rcsponded to only two volumes. It wqs left to the 
choice of the investigator to select an appropriate molecular formula. 
\Ve shall presently see how the confusion, which arose frojjV tho 
ab&nft) of any recognized method for fixing molecular weights,, 
resulted in many a fruitless and embittered controversy. 

. ’ * : . 

Berzelius’ Electro-chemical Theory. The j^lectro-chemical theory 
of Berzelftis (1819) dominated chemistry during the first third of tlie 
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• • • 

List century. Cafsfiilly elaborated in the case of inorganip compounds, 
it was sought to apply it in thq* same comprehensive irianner to, 
organic compounds. It was the guiding principle to*which Berzelius 
clung throughout his life. But the young and rapidly growing 
Ifranffh of the science was not to be crtf>plod # by an Artificial system 
A^lii^h •arrested its natural develofmierif.. After a fierce controversy 
between Berzdfius and the cli€*mists of the French school the theory was 
finally abandoifed. Th* theofy ni^iy be briefly defined as Lavoisier’s, 
dualistic views expressed in the ligfit of Davy’s and Berzolifl* 1 electro-# 
cherpical researches. Each* atom of the elements was supposed*to 
possess oppe^ito electrical poles provided with' different quantit ies of 
electricity, so that it contained a surplus of one or other kind of 
electricity, and was either positive* or negative according to the 
^predominating polarity. It was by virtue of their opposite polarities 
that the atoms combined. The simple combiifations of positive and 
' H^jative elements furnished compounds of the first order. The elec¬ 
tricities in these compounds w^re not necessarily neutralized, and 
tkdto might slill"remain a surplus positive or negative charge which 
■enabled them to enter into further combinations, forming compounds 
of the sccoi&l.didcrjf The elements were arranged in electrical series 
wiiji oxygen at one end, representing the most electro-negative 
element, and the ^kali metals at lite otjier, representing the most 
electro-positive elements. • Each intermediate element would bo 
tdeotro-positivc^to the one that preceded and electro-negative 
that whjch followed. *Tho metals wore strongly, the nou-nydalft 
weakly electro-positive towards oxygen. fllie lower metallic oxides 
retained, therefore, a residual positive, the non-metal lie oxides a 
residual negative polarity. Thus potash KO was electro-positive, 
.whilst sulphuric acid SO ;J was cleStrft-nogative. Potash and sulphuric 
juyd tould tliorefore*combine, by virtue of their opposite polarities, to 
, fofjn s\ilj4iato of potash, which was written S0 3 H- KO. The elec¬ 
tricities might still remain unneutralized, and by the formation, of 
double jsal is such as potash alum,^compounds of the third order were 

jC&tainoiU * *", , 

The oxides of the non-metals were called acids; ^0 5 stood for 
r nitric acifl and N^Or, -1- 11,0 was its hydrate. When the combined 
water of the hydrate or basic water was replaced by a metallic ojjide 
or i?ase, a neutral salt resulted! 1 The same principle was applied to b 
organic acids and their salts. Acetic acid was written C 4 II (; (5 3 and 
its hydrat$ (our acid) C.,1I 0 O : ,h ILO ; C*0 ; , stood for oxalic acid, and 
the crystalline compound which we ipnv term anhydrous oxhliy acid 
UjO a +11,0 was regarded as its hydrate^ benzoic acid was C I4 H lu O a and 
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its hydrate ‘{our acid) was Cj 4 II ; 0 O 3 + II a O. The modular "formula foi 
the acids' was derived'from the cC nposition of the salts, usually the 
silver salts, and as all salts were supposed to contain one atom of base 
(silver arid the alkalis»had double their present atomic weights), it 
necessarily followed that all monobasic acids, like acetic and benzoic, 
had double their present foimulafe, whereas dibasic acids lbceived 
their modern values. It should be Observed that these so-called 
organic acids only existed in the foi*hi of -their hydrates, the acids 

themselves being purely fictitious groups of elements. 

* *» 

Organic Chemistry in 1830. In 1830 Liebig introduced his 
now method of organic analysis, which is essentially the one we st ill 
employ. 1 There is no doubt that the simplicity and rapidity of this 
process gave a new impulse to the study of organic chemistry. Tc 
perform an organic analysis appears to have been a troublesome 
business, for in a letter from Wohler to Liebig written in August, 
1830, we read: ‘ 4- thousand thanks for your quick reply. To be 
able to complete an analysis so rapidly is scarcely within the power 
of any one hut yourself, certainly not in mine, for I have a whole; 
some dread of doing one.’ « 

Organic chemistry in 1830 embraced a large number of substances 
of widely different properties, yet composed usually only three or 
four elements—carbon, hydrogen, oxygen, and nitrogen. It included 
a variety of organic acids a .d a steadily increasing number of organic 
basqs or alkaloids, the first of which —morpluum —had boon isolated 
in 1817 by Sevlttrner from opium; also a number of indiffertfqtssub- 
stances—hydrocarbons, spirits of wine, sugar, starch, gums—and 
finally, the fats and fixed oils, J he composition of which hud been 
studied by Chevrcul in so coniflets and masterly a-fashion that our 
knowledge of these substances has not materially advanced since Jiis 
day. lie showed that these bodies were compounds of glye-erme v ith 
various acids (tho fatty acids) and that they behaved like acotic ether, 
decomposing with alkalis into the salt of the acid and glycerine. 
There was, however, little analogy between the cojnplt^ity of oil 
these bodies and tho simple compounds of inorganic chemistry, in 
which one eloment united with another in ono or two, more rarely 
in three, proportions. Berzelius 4 at first distinguished inorganic 
compounds as binary, that is .to say, divisible and sub-divisibld into* 
two parts, oue electro-positivo and tho other electro-negative, whilst 
organic compounds contained more than two elemeuls which were 

* 1 Berzelius, Jahresb 18;ft, 11, 214; I’ogg., An., 1831, 21, 1. % 

* Ann. Fhil., 4, 323. ’ c 
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(directly combined into a whole anti could not be subdivided or 
reunited after the manner of ino^ginic compounds. Hydrocarbons 
like marsh gas md turpentine, since they contained only two 
elements, were consequently classed among Inorganic compounds, 
and ofccur under this head in tli^ earlier numbers' of Berzelius’ 
JaMesbiYiclit. .But“this distinction war not long maintained. Or- 
ganic chemistry was still essentially the chemistry of animal and 
plant products and their 0 derivatives. It is true that from, time to 
time the artificial production of natural substances was announced. 
As far back as 1776 Scheele had obtained oxalic acid idenlical with 
that in wood sorrel by the oxidation of sugar with nitric acid. In 
1822 Doboreiner had prepared formic acid, hitherto obtained by the 
distillation of ants, by tho oxidation of tartaric acid, and had also 
converted alcohol into acetic acid by the aid of platinum black. In 
1826 Ilennel had synthesized alcohol from olefiant gas. 1 Again, in 
1 *8^8. Wohler found that in attempting to obtain ammonium cyanate 
by the action of ammonium chloride upon silver cyanate, or ammonia 
on lead cyanate, a crystalline compound was formed which was iden- 
b :£ ied as urea, a substance only previously found in urine. But none 
of these artificially prepared substances was ontirely independent of 
an anmial or vegetable origin. Even tho cyanates were derived in 
the first instance from potassium ferrocyai.ide, in tho preparation 
of which animal matter was employed. These facts did little to 
disturb the belie? in a vital *‘orco. Both Dobereiner’s and Wohler’s 
discoveries aro referred to by Berzelius in his fahresbcricJit , 2 but it is 
clear that tho rare examplo of isomerism furnished by the conver¬ 
sion of ammonium cyanate into urea created a far deeper impression 
than the realization of this much quoted synthesis. 

.Before the year 1832 tho only organic substance from which a 
number of simple derivatives l.ad been obtained was alcohol. With 
solph’iric acid it was known to yield, according to tho conditions of 
tfie experiment^ sulphovinic acid, ether, olefiant gas and a substance 
known ns -oil of wine of tho formula yClL,),,; with hydrochloric acid 
it*^«vo hydi ochloilc ether; with nitric acid, nitric (nitrous) ether; with 
acetic acid, acetic ether, and with oxalic acid, oxalic ether. Further, $lio 
oil of the Dutch chemists, as it was called, was obtained by combining 
olefiant gas with chlorine, and Ilennel showed that sulphovinic acid 
v'as formed by tho union of olefiant gas and sulphuric acid. :i Tho 
relationship of alcohol to its derivative's w.»s a matter of general 

1 Phil Trans., 1826, 210; 1828. 3(55; Pugg., Ann., 1827, 0, 21 : 1828, Id, 282. 
See also Chemical Synthesis oC Vital Products, p. 2, ) # R. Meldola, 11)05. 

* fahresb., 1823, 2, 160; '*22, 9, 266. 

* Pcgg., Ann., 1828, 14, ; Phil. Trans., 1826, Pt. 2, 240. 
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speculation'which had free play, since no recojgpizod* method.fcr 
ascertaining nydecular weights Vested. 


The Ktherin Theojry. «Tn 1828 Dumas and Botillay 1 propounded 
a theory which wa^ intended to show the relationship of these 
substances. It was based )ipon*an observation jof•Gay-Lussac’s that 
the vapour density of ether was equivalent to that jjf one voldmtj of 
olefiant gas and half a volume of «water # vapour, .whereas that of 
alcohot'was equivalent to half a volume of olefiant gas and half 
a volume of water vapour. IAnnas a*nd Boullay regarded alcohol, 
ether, and all their derivatives as containing one common gfoup of 
elements, olefiant gas, whjch had the formula 2C 2 1L, corresponding 
to the modern C JI 4 (the aVmiic weight of carbon was derived -by 
Dumas from tho vapour density of marsh gas and olefiant gas, which 
he wrote Clio and C.JI., respectively, giving the number 6 to carbon). 
To the central group Berzelius gave the name of cthcrin , by which « 
signified oil of vino and denoted it by tho formula* C 4 II 8 , bbt^the 
fundamental idea was thy same in both, and tlaa theory was jiomce- 
forth known as tho dlterin theory. 

In addition to presenting a scries of related compounds as contain¬ 
ing a common group or radical, it explained Kennel's preparation of 
sulphovinic acid from ethylene and sulphuric, acid, the exigence of 
oxamethane (oxamic ester) obtained b> Dumas from oxalic ester and, 
~ ammonia gas and tho various inflanmiablo platinum organic com¬ 
pounds of Zeise, which the latter prepafedby tlio hetion of alcohol on 
platinic chloride and which contained no oxygen. 3 1 » * 

An essential part of Dumas and Boullay s theory W'as to institute 
a comparison between eiherix and its derivatives and ammonia and 
its compounds, which were written as follows: 


•• Formulae »f Dumas 
ami Boullay. 
Qletiant gas 2C 2 H, 

U, i?her 1,1Uri< ' 1 - f VB + HCl 


Fonuitlae oJ[ 
' Berzelius. 

cyr,+ 2 ii<ji 


Amitionm and its 
CuyipountisA 

l , 

» T 2 ir c +2HCl 


Kther , 40.,II, + II.,0 

Alcohol ‘HUlS+ 211,0 

Acetic other 4CUL.4 <\II,0 ;l +II.O 

Nitric, other 4C’ jl.',+ N.,0,,+ Ito’ 

Oxalic ether 1(\.I1 2 -I C 4 (f,+ lljl) 

(i xametliauu 4<_\_,II 2 + C 4 0 ; , + N11, 

S "i5i,V” ri ” i0 | *<yi,+2S<>, + 2II..O 

“J'| KVI..+21'ICi; 

4 

1 Ann. Chim . F/if?., li 
** Jahreili., 1832,12, 303. 


(Vh.+IU) . N,IIa'«xO 

c,n s +2ir„o % • r 

c 4 n H +c 1 u li o- ) +ir i o n 2 ii i .+c 4 ii ( .o..+ii 

0, 1 l„+N 2 O r> +11 s O N.Jf„+N 2 0. 

C 4 II „ + CJ\ 4-II.jO N 2 II fi + C./) 3 4-HjO 
t* 4 H s + C*,O s + NII 3 — 

C 4 U !) +S,0 1 ;+21I 2 0 — 

t , - 

28, (2), 30, 29/ (2), 37, 15. 

* 1834, 9, 1. 
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THE ETIIEEIN, THEORY 

* * 

• ‘Dumas and Bcullay wont so far as to state that olefiant gas, wero 
it but soluble ill water, would exhibit alkaline properties, and they 
even attempted tc extend their theory so as to embrace compounds like 
the fats and oils, w.tiicli were assumed to possess ax: imaginary hydro¬ 
carbon radical united to ether, apd e^en the sugars which were 
dfcsciybed as carbonates of ctherin. The theory found many supporters 
gnd long held*its ground in 'France. Berzelius, on the other hand, 
’gave it a half-hearted reception, 1 vfhicli soon changed to undisguised 
hostility, llo pointed out .that the existence of the radical C 4 1.I S 
might bo accepted as a mere matter o? convenience, but that the 
formula fo,r alcohol could bo equally well represented by either 
C 4 II S + 2H p or C 4 lIi 0 O +„1I_0. The fail of alcohol yielding olefiant 
gas was no more a reason for the pm nice of this group in alcohol 
£han there was for flie pie-existence of nitrous oxide in nilrato of 
ammonia merely because nitrous oxide was evolved on heating. 
Tt’ olefiant gas wero alkaline, then surely alcohol and ether, which 
were soluble hydrates, should also have alkaline properties. More¬ 
over, though olefiant gas could bo prepared from alcohol, neither 
\alcohol nor ether could be formed by the reverse process of adding 
water to olefiant gas, and the analogy with ammonia broke down. 

Furnished with fresh weapons Berzelius returned to the attack in 
the following year.* Liebig and Wohler bad shown that sulphovinic 
acid had the formula C 4 II S + 2fSO ;! + 21LO, containing, therefore, two 
atems (molecule.!^ of basip water, yet it only saturated ono atom of 
base, and - consequently the remaining atom- of water must be an 
Jnfegral part of II ic-‘organic constituent, just as it was of ammonia in 
the sulphate N.,fJ h O + &Oj. 

. Growth of the Radical Theory! We can now l'ealize how matters 

stood When Liebig and Wohler, in the memoir to which reference has 

J)cenj maile., brought the first unassailable evidence of the existence 

of an organic compound radical. A series of substances bad boon 

obtained which were readily conveiiiblo into one another by simple 

.'orations such as'chemists were familiar with in inorganic clu mistry. 

r liioy contained one common group of elements C 1 ( U|iPj which the 

lCarfie benzoyl (bens, the root of benzoic, and eA/;, substance) was given. 

■ 

Tlie’compounds wero written as follows: • 

; C J4 II I(i O. + IL, Benzoyl hydride (bitter almond old) 

C| 4 1I 1o (L + O-i 1I.,0 Benzoic acid 
Ci 4 lI lu O, + CL , Benzoyl chlorvde 


1 ‘ Jahresb., 1828, 8, 2U2. 


-Jahiesb., 1883,13,192. 
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C, 4 n i „0.j + Br.j Benzoyl bromide 

C U 11 U) 0, + 1 2 - Benzoyl iodide 

C 14 H lt) 0 2 + N 2 H^ Bcnzamide ■, 

C I4 II 10 O 2 +’C 2 N c Bonzoyl cyanide 

C 14 ll l0 O 2 + S , Benzoyl sulphide 

C, 4 H 10 0 2 + O + C 4 n 10 O Bonzoic ether 

This was not, however, the first example, of a compound radical 1 . 
In 181?'Gay-Lussac, in controlling Bertholet's experiments on the 
composition of hydrocyanic acid, obtained cyanogen by heating 
mercuric cyanide, and by the action of tho halogens on hydrocyanic 
acid prepared tho chloride,, bromide, and iodide of cyantfgen. This 
example of a compound radical, as well as that of sulphoeyanogen 
and ammonium, were overlooked, partly because they were ranked 
with inorganic substancos, partly because Lavoisier's original con¬ 
ception of a radical necessarily implied that part of a substance o£ 
which the other .part was oxygon. It should be observed th'dt'in 
benzoyl we have a modification of Lavoisier’s definition of a compound 
radical inasmuch as benzoyl contained oxygen. 

Liebig and Wohler’s discovery was soon followed >by.4hat of other 
radicals. Tho radicals 1 of salicylic and cinnamic acids were shown, 
tho former by Piria, and’ tho latter by Dum* «<and Peligot, toTorm 
each a series of derivatives similar to tlut of benzoic acid, and were 
termed respectively salicyh and chuiamyl. Ten years lator the theory 
of .tho compound radical received further tbnfinnaiion in a»brilliant 
research of Bunsen upon cacodyl. 

In 17G0 Cadet obtained by tho distillation of potassium acotdte 0 
with oxido of arsenic a filming and fetid liquid*, 1 which inflamed 
spontaneously in the air and was extremely poisonous. It was called 
‘Cadet's fuming liquid’. These uninviting properties deterred 
chemists for seventy years from satisfying any curiosity tli'ay might 
have conceived as to its composition, and they contented them selves 
with stating its properties and juetliod of preparation!' 

Dumas was tho lirst to analyse it, and gave it the formula CsEisM,; , 
but Bunsen soon afterwards ascertained that tho liquid prepared ky 
tlie‘above method contained.oxygon and had the formula C 4 H| 2 A 9 2 <£, 
which he called cacodyl oxide (kukwSi/s, stinking). 1 From this he 
obtaiiyul, by means of tho halogen acids, cacodyl chloride, brimidf, 
iodide, and also tho cyanide, iluoridc, sulphide, selenide, cacodylic 
acid, anjJ, finally, by the action of metallic zinc on tho chloride, the 

im * 

1 1837, 40, 219 ; 1&17, 42, 145; Axuutot, 1841,37,1 ; 1842, 42, .4; 

1813, 40, 1; Oatwiil.l’s Klussiker , No. 27. 
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radical cacodyl itself C 4 H|.,As.,, which ho also named • akarsin 
(alcohol-arsenic) to indicato its relation to alcohol. 

C 4 IIj A Alcohol 
CJI^As, Alcarsin 

•o .0 0 

-He termed cacodyl a true organic element possessing the character 
of a metal. This analogy is readily understood if wo write Kd for 
"the cacodyl radical and compare it with a metal such as calcium. 


Cacodyl 

•C,llj2 Af*£ 

Kd 

Ca 

Cacodyl oxide 

C 4 II 12 AsIo 

KdO 

CaO 

Cacodyl chlorido 

CJTj'.As^CL 

KdCl, 

CaClj 

Oacodyl cyanido 

C 4 lI,‘As 2 Cy a 

K.ICvj 

CaCy a 

Cicodyl sulphide i 

C^lIi^Asjb ,, 

KdS 

CaS 


Liebig’s Definition of a Compound Radical. Although this 

research was the product of a later period, Liebig’s original definition 

o\„a .compound radical lias undergone no change. 1 lie says, speaking 

of .cyanogen, ‘rvo call this a radical because (1) it' is the invariable 

constituent of a series of compounds, (2) it can be replaced by other 

simple bodies, and (3) in its combinations with a simple body the 

latter may be substituted by equivalents of other simple bodies. Of 

tliesf threo conditions, two must he fulfilled.’ Tlioso conditions 

^ 1 t 

made it essential that in a series of simple reactions tho radical or 
group of elements should bo shown to remain intact, ami not only to 
be capable of combining wh.h elements to form compounds, but also 
of beings replaced by them. „ 

u 4 It is evident from this statement that the author conceived the 
elements of wliicji the radical was composed to bo united by a bond 
which joined them together more firmly than the other elements in 
the compound. The particular group composing the radical upon 
vfhlah the choice full was a master of much diversity of opinion. This 
js specially noteworthy in tho case of ether and alcohol and their 
derivatives. i 

i. 

- The Rrcdcai ’Ethyl’. We have already referred to the •dherin 
theory of Dumas and Boullay and the comparison which they drew 
between olefiant gas and ammonia. Tliero existed at the tune 
another view of the constitution of ammonia and its sails. The 

o o 

r heory that ammonium played tho part of a metallic rudica 1 in its 
salts was suggested by Davy, and afterwards supported by Ampero 
and Berzelius. It appealed to (lie duali. ts, for it enabled them to 
establish an analogy between tho composition of the salts of ammonia 


11 1 Annalcn, 25, 2. 
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and those of the alkali metals Tin's view was now revived "by 
Liebig, and, in place of etherin C 4 IT 8 and its analogue ammonia NII 3f 
the new radical C.,H lw termed by Liebig otheryl or ethyl 1 {aWrjp, 
ether, and v\rj, M substance), took its place beside aVnmonium. 

C 4 II I0 Cl a Hydrochloric e her. NJ1,Cl a Ammon him chloride. 

C 4 II 10 O Ether. N a j[I s O Ammonium oxide 

(prcMsntir the salts). 

C 4 ir i( ,0 + IJ,0 Alcohol. N. 2 1I s O +4T.,0 Aiumonimn hydrate. 

C.ll 1(l O-f N.O fl Nitric oilier. N 2 II s O + N 2 O s Ammonium nitrate. 

</ 4 II„,0+C 4 ir 8 0 3 Acetic ether. N 2 H k O + 0 4 II 8 0, Ammonium acetate. 

Berzelius who had, as we have seen, abandoned the etherin 

A 

theory, accepted the now doctrine, for its basis was dualistic, inas¬ 
much as ether appeared as an oxide. He and Liebig, however, 
held different views on the constitution of alcohol. Liebig regarded 
it, from its relation to elhor, as the hydrate of ether, whereas 
Berzelius considered it to be the oxide of a different radical, C H^.’ 
One reason advanced by Berzelius was the difference in properties 
between sulphovinic acid obtained by the action ot sulphuric*acid 
on alcohol, and isethionic acid, prepared by Magnus by the action 
of sulphuric acid (SO ;J ) on alcohol and ether. 9 1 

The two substances are isomoric and saturate the same amount of 
base, but the barium salt of sulphovinic acid ntains an atom more 
water than that of isethionic acid, and. they aro in other respects 
totally distinct substance:.. ‘It is clear, therefore,’writes Berzelius 
in v tho Jahrcsbcricht for 1803, ‘that this atom of water cunnot be 
present as v ator of crystallization, but must be there m another 
form, and this other form can bo nothing else than a form of ether. 
It naturally follows that alcohol and ether aro no* hydrates of the 
same base, although they may he so regarded.’ 

Tho two formulae of tlio barium salts would therefore appear as 
2C.,1I,,0 + 2SO ;} + BaO for tho sulphovinato, and C 4 II l0 O + |2SO a + t BaO 
for tho isolliionale. 4 

1 Awmlcn, 1834, 0, 1. „ s Jahresb ,., 1833, 13, 194. 

* Annulcn , 1833, 6, 1£3; Pogg., Ann., 1833, 27, 367. 

* According<to modern views tho formation of isethionii# acid f.'om ethfdiVMj 
acid ami carbyl sulphate would ho represented as follows: alcohol and sulphur 
triouidu unito to form carhyl sulnhatu. 

* CII 2 .0.S0 2 

, C 2 II D (0H)+2S0 3 = | , )0 + II a 0 

CII 2 . S0 2 V. 

Carhylsulphate. 

Carhyl sulphate is decomposed by water, first into othionic, and finally into 
iaetliionit; acid: 

0 CIT a .O.S<VI C1L.OH 

I ‘ . I . 

CII 2 . SOjTI Cllt.SO,!! 

Etliionic acid. Isetlii’nic acid. 
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But there were additional reasons*, Bcrzelips contended that the 
.dissimilarity in properties of alcohol and ether could not be attributed 
to the presence or absence of water, Nor wjis it probable, that in 
aloohol the water cdhld have so strong an-affinity fot the othor (with 
which ip the free state it cannot'be induced to combine) that a 
dehydrating agent, like bariuiii oxide, dan produce from alcohol no 
t4hce of ether. ' 

Growth of. Organic Chemistry, 1830-1840. Whilst the 
variouS disputants were urging the claims of rival radicals, tlioir 
activity in ttio laboratory was not suspended. Organic chemistry 
was stga^ily* advancing ar.J widening its boundaries by now dis¬ 
coveries, whiehr followed one another in rapid succession. The 
foundation of the great edifice of aromatic chomislry was being laid, 
qpon which the next generation was to build new and important 
inmistries. Mitscherlicli had obtained benzene from benzoic acid 

•V 

by distillation with lime, identical with Faraday’s hydrocarbon 
from oil gas, and formed nitrobenzene, bcnzcncsulphoitie acid, 
Chlorobenzene .yind certain other derivatives. Bunge had found 
Jcyanol, afterwards identified as aniline, and carbolic acid in coal-tar. 
Liebig had obtained and chloroform by the action of chlorine 

on alcohol, and had determined the composition of acetone , alde¬ 
hyde, and acetal. Dumas and Peligot had,, isolated methyl alcohol in 
the* pure state Loin wo«d spirit, and Dumas and Cali ours had 
prepared amyl alcohol from fusel oil. In bo'.h cases a number of 
derivatives had beoil obtained offering a close analogy with those 
from ordinary aloohol. Zeise had discovered the mereaytans , and 
Kegnault had studiud the action 4 *f ^potash on Dutch liquid, and 
obtained tho compound wo now call vinyl chloride. The formula 
of'the new compound was written C.jH (; C1 2 and, according to Kegnault, 
oontamed the radical which he termed aldchydenc, subsequently 

changed to act.yl. In the meantime a partial reconciliation had 
been arris ed at between Liebig and Dumas, when the latter was won 
onor to the ' radical ’ views of Liebig, and the result was a joint article 
which appeared in 18U7, and of which the following is an abstract . 1 

‘Organic cliem'stry j>ossesses its own elements, which sometimes 
play t'te part of chlorine or oxygvn (e. g. cyanogen), and sometime? 
that of a fhetal (e. g* ethyl, benzoyl, cacodyl). Cyanogen, amide, 
benzoyl, the radicals of ammonia, of tlio fats, of alcohol and its 
derivatives, are tho true elchnents of organic nature, whereas the 

t 

c. 

1 J. prakt. C/tem.,'1837, 14, 298; Conipt, rend., 1837, 5. i>G7. 
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simplest constituents, carbon, hydrogen, oxygen, and nitrogen, tally 
reappear wheif the organic matter is completely destroyed.’ 

The Aruce did not last long and when the new radical, acotyl, 
appeared, Liobig^seized up^n it in order to explafci the constitution of 
those compounds, which,-" like “'Zeiso’s platinum conmounds and 
Dumas’ oxamethane, contained no ethyl radical, without having 
recourse to the ethorin theory to which he was a firm* opponent. 
Like bin predecessors he established an analogy with ammonia and 
its derivatives by introducing into the latter the radical amide. 1 

Letting Ac stand for acetyl, C 4 II c , and Ad for amide, N 2 H 4 , the 
scries of compounds appeared with the following fornlulae: 

Ik. 

AcH 2 Olefiant gas. ^ Adll, AmmdniA 

A<;II 4 Ethyl. AdII 4 Ammonium. 

AcH 4 0 Ether. AdIT 4 0 Ammonium oxide.' 

AcII 4 Cl 2 Ethyl chloride. AdlI 4 Cl a Salammoniac. 

AcII,0 + TI a 0 Alcoliol. — — 

A«H 4 S+I[.,S ..Mercaptan. if AdIl 4 S+II 2 S Ammonium suipludo. 

AcII it + 2S0 3 a Iselhionic acid. AdlI a +SO a " Huso’s anliydroi/j 

ammonium sulphate. 

— — 2Ad + L»CO Urea. 

— — Ad+2CO Oxamide. 

AcII 4 , Ad+2C./>, Oxametiinno. — — 

l 

The now theory also* enabled Liebig to include in his scheme 
aldehyde, chloral, and acetic acid, which appeared as follows: 

CJI^O + ILO Aldehyde - 

e 4 Cl 0 ,O^TLO Chloral 

C.,II fi> 0 3 H-lI J 0 Acetic acid 

The introduction of the new acetyl radical C. t ir fi into alcohol and 
its derivatives never actually replaced the oldor ethyl radical which 
continued tc bo used by the German chemirts, whilst otherin was 
retained in Franco. , 

* 

The Chemistry of Compound Radicals. With the year 1840 
the first chapter in the history of organic chemistry may be said to 
close. Although organic chemistry was still concerned with products 
of* a vital force, and with % tlie compounds derived from..them by .the 
, action of chemical reagents, the dominant idea was the compound 
'radical. It was around the compound radicals that the various organic 
substances were groimed. In Liebig’s treatise, which was published 

© 

Amuden, 1839, 30, 129. 

* Tliis formula represents thu nnhydrido of tho a -id. After EognauU’s dis¬ 
covery oft its preparation from sulphur trioxide nnu olefiant gas, it was usually 
represented as a compound of otherin and sulphurioanhydrido 
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in 1810, all the well-defined compound radicals, whethei* containing 
carbon or not, are included. Sepaftite chapters are denoted to amide, 
*oxide of carbon (the radical of oxalic t aci(^, cyanogen, benzoyl, cinn- 
amyl, ^ilieyl, ethyl, «cetyl, methyl, formy^ cetyl, amyl, and glyceryl. 
They r vvgre .hypothetical groui>s which} might or might not be 
capfddfe of separation, but their admission was a necessity and tlicir 
existence in the compound moiV than 5 probable. Organic chemistry 
wag defined l»y Liebig as the cliemis&y of the compound radical ^ 

The 9 ry of Substitution.* Mean while # a movement ha(l begun, 
which, gathering force as it advanced, swept away two ruling 
principles, the one, the electro-chemical theory, the other, the pro- 
existence,* as* it was tormocl, of radical as unalterable groups of 
elements, or proximate constituents of organic compounds. It 
was the direct result of the study of a chemical process which 
li^ been formed substitution. The idea of substitution was not 
a now one. Tli£ substitution of metallic oxide •for water in an 
acid hydrate to form a salt, and MitsMierlicli’s discovery that 
crystalline form of a compound is often retained when one 
element replace? another, were well known to chemists. Among 
organjp compounds, the action of chlorine on hydrocyanic acid had 
been foil ml by Gay-Lussac to give cyanogen chloride, Liobig and 
'Wohler had obtained benzoyl chloride*from bitter almond oil, and 
Faraday prepared carbon sesquicliloride, (J^Cle, from Dutch liquid 
m the same manner. • 

. / • 

* Bumas' Law of Substitutions- In 18-34 Dumas’ attention had 


been directed to the action of chloride on organic compounds by 
observing, as Gay-Lussac had previously done, that when wax is 
bldached by chlorine a portion of the hydrogen is replaced by 
pliionne. . lie found also that, when chlorine acts upon turpentine, 
for ev#ry voltune of hydrogen removed an equal volume of chlorine . 
enters. lie th»fti repeated Liobig’s experiments on the action of 
chlorine and Jdeadiing powder upon aicohol, and carefully analysed 
ihf products. From the result of these researches he forfnulated, in 
18f$4, Jthe following empiric law of substitutions. 1 • 

1. I£ a body containing hydrogen bo acted upon by chlorine, 
bijpminfc, or iodine, or oxygen, for*every atom of hydrogen which 1 
it*loses, it takes up one.atom of chlorine, bromine, or iodiuo, or hitlf 
an atom of oxygen. 

2. If the cdhipound, besides hydrogen, contains oxygon, the sarye 

ruli holds without modification. *• 

1 Attn. Chim. Phys. f 1834, 50, 113. 
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3. If a body contains water in addition it first loses tlio hydrogen 
of the water Without replacement; if hydrogen is then removed, it 
is replaced in the above manner 

The first twd propositions require no comnrent; the third was 

introduced in order to explain 0 such reactions as tho convorsion of 

alcohol into chloral, and 4'lcohol into acetic acid. The reactions 

| 

were written thus: ‘ ! 

(C 8 H 8 + HA) + 4C1 = C 8 H s O a + 4IIC1 

Alcohol. Aldehyde. 

C 8 II M b 2 + 12C1 = C 8 II 2 Cl 6 O a + 6IIC1 0 

Clilor.il. 

(c„n»+iw+0,=(c 8 n,o 2 ++ha 

Alcohol. Acetic acid. 

The study of substitution, to which Dumas gavo tho name of 
mclalrpsy (/ieraX^i^w, exchange), attracted many of the Ere** m 
chemists, among whom were Pe’igot, Malaguti, and Regnauli, who , 
studied tho action of chlorine on ethyl chloride and ether, and 
Laurent, who investigated its action on naphthalene, 1 and wbh 
Kegnault, on Dutch liquid. As a result of Lau relit % observations, 
the following rules were added to the laws of Dumas: 

‘When chlorine, bromine, oxygen, or nitnV acid replace l/ydrogen 
in a hydrocarbon, tho hydrochloric acid, hydrobromie acid, nitrous* 
acid or water formed are either liberated or remain combined with 
the product \* 

« 

Laurent’s Nucleus Theory. Upon this foundation Laurent 
constructed, in 1837, his nucleus theory.' 1 Lais vent assumed that 
overy organic compound contained a hydrocarbon nucleus or radical. 
Those wero the primary nuclei (noyaux fondamentaux), and were* so 
chosen that the elements composing thorn wero present in*evei^ 
numbers (see p. 28). Other elements or groups of elements ..an be 
added on to the primary nuclei. When tho hydrogeil in the primary 
nucleus was replaced by equivalents of other elements, the halogens, 
oxygen, nitrogen, Sic., secondary nuclei (noyaux derives) wore j\ 'o- 
duced, and the compound remained intact. It was only when the 
elements of tho nucleus were permanently removed that complete 
f decomposition of tho substance cnsuedl The primary nucleus was 
compared to a prism, tho solid angles of which corresponded to 
carbon, and the edges to hydrogen. If thoso edges aro replaced by 
others the geometrical form is unenanged, but should they be 

1 Ann. 'him. Phy*., 1835, 50, 1%. * Ann. Phys., 1836, 00, 223. • 

* Ann. Chim. Phys.. 1837, 01, 125; see also Gindin's Handbook, 7, 18, 30. 
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removed, the systom falls to pieces^ To tho central prism other 
' geometrical figures can be attached, on removing whiefi tho original 
form reappears. The following examples may ssrve to illustrate the 
thetfry. • By the alternate action of chloririb anc^ potash on olefiant 
, gas, a nuwtbo* of chlorinated compounds Had been obtained. These 
were supposed to Contain the primary nucleus C 4 II 8 . Tho compounds 
wele written as follows, the nomenclature being that of Dumas and 
Peligot: 


Ethqrdne 

Etlierime hydrochlorate (hydrochloric ether) 
Chloretherase (Regnault’s^acetyl chloride 1 ) 

„• hydrochlorate (Dutch liquid) 

^ChlorOtheroso 

,, hydrochlorate 

^lloretherise 

,, hydrochlorate 

Chloretherose 

oirChloride otherosiquo (Faraday’s sesquicliloride 
of carbonf 


c 4 h 8 

C 4 II 8 + II.,C1., 

C 4 £I,;Cl-» + ILCljj 
C 4 II 4 C1 4 

C 4 II.,C1 4 -i- IT.Cla 
C 4 1I B C1 0 

C 4 lt,Cl G + lLCl a 
C,C1 8 

C 4 C1 S + C1 4 


A similar series was dgrivod from methylene and naphthalene, 
whilst alcohol and its oxidation products appeared as follows: 

Alcohol C 4 1I 8 + 11*0 2 
* . 0 ‘Aldehyde* C 4 II () 0 +11,0 

, * Acetic acid C 4 H c (* + 0 2 * 

• • 

Although Laurent’s formulae bore a certain resemblance to thoso 
of the etherin theory, they really emboSied an important new prin¬ 
ciple, namely, that when chlbrine and brofnine replace thoir equivalent 
of hydrogen,’ the former •take the vlacc of tho latter, and play to somo 
o.ttent the san\*> part in the new compound, in consequence of which 
tho compound retains a certain similarity to tho parent substance. 

The theory amounted to a resolution* We cannot wonder that it 
sVadckhave sePved as a direct challenge to Berzolius and the followers 
6f tfto electro-chemical school. The principle, once admitted, that 
chhfriin*, an olectro-negative element, could take the place of hydrogen* 
an electro-positive element, aijd do so without changing the typical 
pro^rties of the new compound, was to shako the very foundation 
of dualism; for we must*remember that it was tlfis opposite negative 
and positive character which servod to linkHhe atomic unit* in a 
compound ; it was this |lual conception ivhich saw a new hydro* 
carbdh .radical in every compound in whiclT hydrogen was replaced 
by another element. 9 

a a 
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Boi r zelius was not slow in replying. Ilis first contemptuous com¬ 
ment on the* now formulae of I^aurent appeared in his Jahresbericht 
for 1^57: ‘ I consider it superfluous to enlarge further on such 
a theory.’ JIo then dinPfted his attack against Dumas, whs at-once 
repudiated the revolutionary views of Laurent: 1 ‘ To«ropresent mo 
as saying that when chlorine replaces hydrogen it plays the*patt of 
the hydrogen, is to attribute to'me.au opinion against wlijch 
I sturfngly jn-otest, as it is opposed to everything I have written on 
this subject. The substitution theoly expresses only the relation 
which oxists between the hydrogen which disappears and the*chlorine 
which takes its place,’apd further on, ‘It is an empiric rule which is 
of value so long as it holt’s; if any one has given it an extension 
which was not in my mind, I am not responsible.’ When, how¬ 
ever, Dumas afterwards (l-SJV.)) obtained trichloracetic acid bypassing 
chlorine into acetic acid, and found that the new compound not only, 
retained the characteristic acid, property of the original substance, 
saturating the same umAunt of baso and forming salts and osto.s, but 
yielded chloroform with potash, as acetic acid yielded marsh gas, the 
analogy between tho two was complete, and I'r/nas henceforth 
participated in Laurents viojvs. 

‘ Tt is clear,’ wrote Dumas, ‘that if I ac_.pt thjs doctrine, Which is 
based upon facts, 1 cannot,,attach any weight to an electro-chemica,! 
tliepry which has boen.lho dominant idea upon which Berzelius has 
sought to construct a universal systolic' ,l . * 

‘But these electro-chemical ideas, this special polarity, which is 
assigned to the atoms of simple bodies, do they rest upon such'd^ar 
facts that they may rank ;, as articles of faith ? Or, if they are 
considered as hypotheses, Imvti they tho property of adapting them¬ 
selves to tho facts with such certainty that they can bo utilize'd in 

l ■ 

chemical investigations? It must be conceded that such is ( nol*tiie 
case.’ • 

f 

‘Isomorphism—a theory based upon facts—lias neon a true guide 
in mineral chemistry, and, as is well known, has little‘in common 
with electro-chemical ilieories.’ ‘ r \ , 

‘ Now, in organic chemistry, the theory of substitution plays’tho 
same part as isomorphism in inorganic chemistry, and indeed it may 
Jiap'K'n that future experience \\ ill show that both views aPe refuted 
and spring from tho same cause, which -may be combined ih a 
comnym expression.’ , 

* * For tho present, from the conversion .of acetic ’into chloracetic 
acid and from that of aldehyde into cliW-d, from the fact tha£ the 

1 Compt. rend., 1838, 0, 099. 
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whole of the hydrogen is replaced bjj chlorine, volume for volume, 

* \yithout changing their original nature we must conclude: 

‘ That there exist in organic chemistry ccij/ain tyx's tchich rntyiin as 
such*eve* after their Hydrogen has been replied bi£ unequal volume of 
, chlorine, bromine, or iodine.' • ^ 

‘ That is to say* the theory of substitution rests on facts, and on 
thfinost sticking facts, of <$rgamc chemistry.’ 


* *• 

Dumas’ Theory of Types.. Dumps’ Theory of Types incorporated • 

his former law of substitutions and Laurent's propositions binder a 
somewhat modified form. 1 

The new .theory was introduced in ordei* to empliasi/.e tho di(Ter¬ 
ence between tho substituted compound and the parent substance in 
which the general character or type was preserved, as in tho case of 
^icotic and chloracctic acid or aldehyde and choral, on the one 
hai^f, and, on the other, those substitution products ^nore especially 
"whore oxygen replaced hydrogen) \thich were not related by simi¬ 
larity of properties as exemplified by alcohol and acetic acid or marsh 
giS'and formic jujd. The former belonged to the sumo chemical type 
and the latter to a mechanical or molecular type. 

The “two groups may Jjp illustrated* by tho following examples, 
using Dumas' notation: * 


Chemical type. 

Acetic acid » . C 4 1I„ 

Chloracctic acid C 4 II 2 C1 (1 0 4 

Aihdiydo 0 4 ir a ll„0 !t 

C’hloial 0 4 ll‘(Jl i; 0 2 


Mechanical hjpe. 
Alcohol C 4 Il,.ir (! 0 2 
Acetic acid 0 4 ll ti ll 2 O 4 

• _ — * 

Marsh gas C..H a ir a 

Formic acid C’ a 11 J >, 


Dumas pointed out that the properties of a compound lay in the 
arrangement of its atoms and not in their nature. Ho wrote: 
‘^..voTsier's compounds were a combination of a combustible element 
with a combustion supporting element. The electro-chemical theory 
saw in those an elictro-negative ?md an electro-positivo clement, wliiclP 
is a modi libation of the same thing. Tliis dualism is unnecessary to 
.exj^ain the constitution of chemical compounds, the parte of which 
mrf be compared to thoso of a planetary system which are hoW 
together by mutual attraction. They may be ipore or less numerous, 
single on- complex. I.i tho feonstitjition of the compound they play 
thfl same part as the single elements, Mars or Venus, in ourplailhtafy 
system, the atomic group Earth with its moon, or Jupiter with its 
satellites. If in such a system one part is replaced by andlhor of 

a different kind, equilibrium is maintain^, and, if tho replaced and 
• • 

» Ann.^Chiyi. Phys., 1840, (2). 73. 73. 
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replacing elements resemble fine another, the new compound "has 
similar cheifiical properties to the original one. If, however, they, 
differ Ahey belong tp a mechanical system, and the chemical similarity 
is difficult to recognize.’ • • , * 

There was a tendency fo cariry this theory of substitutym too far, f 
and when Dumas suggested that even carbon might undergo substi¬ 
tution 1 the idea was ridiculed by Liebig.® ‘ • 

Ii^die meantime Liebig had himself contributed to tho overthrow 
of the electro-chemical theory." 

f 


The Constitution of Organic Acids. Liebig published in 1838 9 
a paper ‘ On the Constitution of Organif Acids ’. 

Tho organic acids, it must be remembered, were the only class of 
substances which had representatives of a strictly analogous character 
among inorganic compounds, and any now theories respecting the 
structure of t|ie latter would necessarily include organic, o'-ids. 
Before discussing the subject <Jf Liebig’s paper, .;t may be well to' 
gain some idea of the views generally held in regard to the constitu¬ 
tion of acids and salts. In inorganic chemistry^ salts of oxyaeVls 
wero assumod to bo compounds of non-motallic oxides (called acids) 
with metallic oxides or bases. Wliat we now term acid ivas the 

I w 

hydrate, tho water being sometimes termed basic water, which indi¬ 
cated that in the formation of salts it was replaceable by a base. 
The same principle was. applied to organic acids and salts, C 2 0 3 
standing for oxalic a_cid and ,C 4 H 6 O a for acetic acid, as already pointed 
out (p. 7). The molecular weight of an acid was derived Lorn the 
neutral salts, which were assumed to contain one equivalent of base 
united to one of acid. Thus, sulphuric acid and the sulphates were 
written SO a + lLO, SO a + KO, SO a + AgO, SO a + CaO, &c. An acid 
salt was a neutral salt combined with an equivalent of hydrated 
acid; a basic salt was a neutral salt with an additions!* equivalent of 
base. Bisulphate of potash, as it was then called^ had the formula 
SO a . ILO + S0 a . KO. The molecular weight of,an orgaqic acid-, like 
citric acid, was determined from its silver or lead saU. Accordia •> lo 
Berzelius C 4 H 4 0 4 + AgO was the silver salt of citric acid, C 4 II 4 0 4 + j | a O 
was tho acid hydrate^ and C 4 H 4 0 4 stood for the acid. 4 The varying 
basicity of acids was not recognized. J 

There was ono exception to the above rules. In ordinary sodl-im 
phosphate the ratio r of one equivalent of base to one of acid would 


1 J. prafct. Chem., 20, 281. * -a nnalm, 1840, 33, £08. 

s Annalen, 1838, 20, 113; Osswald’s Klasstker, Nou2G. 

* Theno formulae are obvi<!ihsly incorrect. Tluroorrect formula of the acid 
hydrate determined by the method described would be C 4 H 4 0 4 + II 4 0 j . 
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give the formula (leaving out water) + NaO, and this was there* 

* /ore altered to P 2 0 5 + 2Na0. Tfie additional molecule of water, 
which we now recognize as forming a part of the compoqpd, was 
included in the totaFwater of crystallizaticfi. But a furious anomaly 
was discovered by Clark. In attempting t& prepare anhydrous sodium 
phospfiate he figmd that the ordinary ^crystalline phosphate loses 
W&tei: on heating, but fongs a now salt, which has properties entirely 
divinet from common sodium phosphate, and does not unite «it once 
with water to form the original compound. 1 The explanation waS 
given 15y Graham. lie showed that there* exists in phosphoric acid 
throe molecules of water, which are replaceable by one, two, or three 
molecules of base as follows?: • 

* P 2 0 6 + 3II 2 0; PA + 211,0 + NaO; PA + H a 0 + 2NaO; 

PA + 3NaO ; PA + 3Ag0. 2 

\le.dislinguishod between the three molecules of combined water 
^ £ 
and the water of crystallization. When tho water of crystallization 

is expelled no change in chemical properties results; but if tho 

temperature is raised so as to drivo off the combined water, then 

salts of new acids are formed. He prepared in this way the sodium 

salts «f pyro- and meta-phosphoric acids and the acids themselves by 

heating ordinary phosphoric acid. Graham proved in this way that, 

whereas ordinary phosphoric acid has* three replaceable atoms of 

water and is tlioryforo tribasiy, pyropliosph&’ic acid contains two and 

is dibasic, mid metaphosplioric acid only one, and is therefore niono- 

l>asjc. * • * • 

Liebig carried these researches into the field of organic chemistry. 
He found, for example, that citric acitf, like phosphoric acid, formed 
three series of salts, and that the analysis of the acid dried at 100° 
did rmt agree with tho*formula of Berzelius, but must btf represented 
l>y C.JTIAA 311,0. The analogy between phosphoric and citric 
acid could bo egrried even further, for citric acid on heating losqe* 
water aiid/s converted into pyrocitric%cid (citraconic acid), which is 
Hfkisic. Tho* old'rule for deteimining the molecular v^eight* of an 
’ ac^l as the quantity, which saturates one equivalent of base, had to 
be relinquished, and it now became necessary to fix beforehand tlie 
basicity of the acid before the weight of the molecule could be ascer- f 
tafned. Liobig’s rule was to find, in the first instance, whether the 
acid was capable of uniting with more than one kind of base. Thus 
tartaric acid }vus dibasic, as jt formed, in the case of Rochelle salt 

1 Phil. Trans., 1833, 2, 28<f, • * 

2 *fjje equivalent notation* in which phosphoruS had double its present combin¬ 
ing weight represented phosphoric acid as P0 6 . 

• 
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and tartar emetic, a tartrate of, potash and soda, and of potash' and 
antimony oxide. Sulphuric acid, on the othor hand, remained 
monobasic, because a sulphate „with two bases was unknown. The 
acid sulphates Continued + o bo written as a double molecule of s>cid 
and neutral salt. ( 

At the close of the paper 'Liobig reviews the whofn questioif of the 
presence of water in acids. He saw that the separation of water by 
the action of a base on an acid is an insufficient explanation, for the 
'oxygen of the water may be conceived as coming from the metallic 
oxide just as well as existing already combined in tho acid hydrate. 
Moreover, in the case of organic acids the presence of water is im¬ 
probable, since the anhydrous acids are purely iicti f ious entities, 
having never been isolated. 

Liobig revived the theory of Davy (1809) and Dulong (1819) in 
regarding acids as compounds of hydrogen, 1 and he pointed out Vl °s 
they had done, Ahat it was illogical to separate the halogen acids, 
hydrocyanic acid, and hydrogen sulphide from tlio oxyacids by an 
artificial barrier. He further contended that if, for example, silver 
sulpliocyanido is Cy 2 S + SAg, the silver, being alic dy present as 
sulphide, should not soparate in this form when hydrogen sul¬ 
phide acts upon the salt, but the reverse .^dually happens ; if,‘’then, 
silvor sulpliocyanide is Cy.,S 2 + Ag and the sulpliocyanic acid is 
Cy 2 S a + lljj, then cyanic a^id must bo Cy 2 O a + H 2 , and so oil with the 
other acids. " » ' ° 

The conception of acids as compounds of hydrogen did*not at once 
replace the older view, but by ail'ording a simple and legitimate 
interpretation of the formation of salts from’ aci Is by the substitu¬ 
tion of hydrogen by a metal, > : t Hirew doubt on the validity of the 
electro-clienyeal theory. 

i 

Gerhardt and Laurent. The theory of polybasic ncir]s was* 
subsequently modified and oxpanded by Charles. Gerhardt and 
Auguste Laurent, two chemists whose names wijl always bo linked 
together in the history of chemical scieucc. They yiere* essonfifJhy* 
reformers, and, like riiany ardent reformers, they relentlessly tlir^w 
over time-honoured formulas and rode rough-shod over cherished 
traditions. In their place they set up empiric rules of classification 
and artificial systems of notation and nomenclature which we're 

1 Davy supported his view on the gi'ound that potassium chlorate parts with 
its oxygen on heating and forms potassium chloride, and concluded that this 
sti anger affinity of the metal for tho acid than lb/; oxygen must also obtain 
among tho oxyacids. Dulong-based his opinion jin the constitution of a the. 
oxalates, which ho regarded as carbon dioxide united to the metal, ,tlms: 
2COg + Pb and oxalic acid 2CO a + H 2 . “ 
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difficult to understand or assimilate. They thus alienated the sym¬ 
pathy of their fellow chemists, who treated them in -a manner now 
painful to contemplate. Although no action on the part of Gerhardt 
and Lqurcnt justified such treatment, yet it must toe confessed that 
had they adopted a less uncompromising attitude towards men who 
wore their seniors in years and reputation, it would liavo gone far to 
spften the ’asperities of a situation which they unfortunately helped 
to^create. 1 ” 

% 

The, Unitary System. Gerhardt and, Laurent clearly, saw the 
confusion into which the electro-chemical theory had plunged organic 
chemistry, and they set themselves resolutely to oxtricato it from the 
network of vague and unprofitable speculations in which it had 
become involved. In Laurent’s preface to his Chemical Method 2 he 
writes : ‘The confusion which reigns in the ideas is even greater than 
tH*t which obtains in the facts; for the principles upon which the 
majority of chemists rely for the* explanation ana co-ordination of 
facts are so vague, so uncertain, that not only do two chemists explain 
♦he same phenomena in two different ways, but even one and the 
same person abandons an explanation ho gave yesterday for a new 
one Ve proposes to-day, jjnd which Le will abandon to-morrow for 
a third.’ Gerhardt, in his Precis dc Ciiimjc Oryaniquc (1844), says 
much the same thing: ‘ When a cliembt at the present time observes 
a reaction or analyses a new substance his first care is to conceive 
a little Iheory which shall explain the phenomena according ;to 
.electro-chemical principles, and it is customary to create a hypo¬ 
thetical radical in order to adapt these principles to the new com¬ 
pound ’; and again, 1 Six or seven formulae have been suggested for 
alcohol, each observer trying to support his own; but after all, each 
of these formulae is but the expression of one or two reactions. Upon 
one thing only are we agreed, and that is the empiric formula for 
alcohol.’ They^laid aside the electro-chemical theory and the doctrine 
of the compound radical as fixed, proximate constituents. Organic 
coalpoundc wore no longer binary compounds, nor an arrangement 
t$ certain fixed groups of elements. They w r ere, as Dumas expressed 
it, edifices simples, simple structures, in which one or moro elements 
mighty be replaced by others. In opposition to the binary or dualistic 
principle the system was termed unitary. Reactions were expressed 
by equations, but not in the customary fashion, for they did not, by 
introducing radicals, formulate any preconceived internal structure of 

1 Vie de Charles Gerhardtf'by Griinaux and Gerhardt, Masson & C ,B , Paris, J'JOO. 

1 Chemical Method, by A? Laurent, trana. by l VV. Celling, Cavendish Society’s 
Publications, London, ISC'}. 
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the substances taking part, bu£ merely indicated the interchange* of 
constituents. «The interchange \Vas ascribed to the stability of such 
combinations as water, liydjochjoric acid, carbonic acid, and ammonia, 
which, though they might be eliminated in tho process, did not there¬ 
fore pre-exist in anjf of th&reacttng substances. The nqw compound 
was formed by a double decomposition accompanied by the removal 
of a part of the reagent, in combination ^ with part of tiie reacting 
substance, and the residues or rtstants then united. a 

• * • 


Gerha&dt’s Theory of Residues. This embodied the principle 
of Gcrhardt’s system of residues and copulated eoihpounds which 
appeared in 1SJJ9. 1 The Vundamental idea was that of substitution, 
for, according to Gorhardt’s rule, ‘tho element which is remove^is 
replaced by tho equivalent of another element or by tlio residue of 
the reacting substance.’ 

Gcrliardt represented the action of nitric acid on benzene thus:** 
residue »product eliminated * fesiduo * 


Ho + O 


O a HN 


Bcn/eno 


Nitric acid 


Tho residue HNO a replaced the atoms of hydrogen in benzene... The 
action of ammonia on benzoyl chloride was expressed in a similar 
way: C 7 II 5 0C1 + NH, - C 7 H 5 G(NH,) + IIC1. 

Clilorino is removed from benzoyl fhloride an<J hydrogen from 
ammonia, and the two residues unite to form benzamide* 

. 1 r • 

’ * > 

t • 

Conjugated Compounds. The introduction of the term copula or 
conjunct arose in the following way: the action of nitric acid on 
benzene, or sulphuric acid oii alcohol has no parallel in that of jin 
acid on a b:»se in inorganic chemistry, except Lhat water is removed. 
Nitrobenzene is not a salt, for the acid and base can no], be replaced* 
*l^v other acids or bases, and in sulphovinfc acid ai^d the sulphouic 
acids the sulphuric acid can. no longer be detected by Ordinary 
reagents. The original constituents are completely gnashed and ^bo 
residues may have ttioir atoms diiferently arranged. They are, •’'is 
Dumas expressed it, in a form of substitution .* The act'ion of 'nitric 
'acid on benzene can be represented a^ a substitution, as Already 
pojntoi 1 out, but not that of sulphuric acid on a hydrocarbon ^r 
alcohol, for the satmation capacity of the heid, according to the 
formula^ then in use, icmains unchanged. Different bases may 

'Ann. Chim. l J hys., 1839, 72, ISO. ti 

9 This jpm of substitution bears a close resemblahce to non-ionisablo.com¬ 
pounds. > 
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saturate the acid, but the organic constituent remains $eriganently 
attached. This indifferent residQe which was attached to the acid 
was called by Gerhardt 1 the copyla qnd gave rise to the term 
copulated compound’d (sels copulos), which, however, very soon lost 
its original meaning. When the* different basicities of the acids 
was recognize^ and sulphuric acid became in Gerliardt’s system 
jhbasic then the term copulated compound or conjugated compound , 
ag IF was called by Dumas, received the following interpretation: 3 
‘ The basicity or saturation- capacity of a conjugated compound «s 
always less by one unit than the sum of*the basicities belonging to 
the two original substances.’ Thus benzenesulphonic acid, obtained 
from benzene and sulphuric acid, ig iftonobasic, whilst benzene* 
gplpliobenzoic acid, which is formed from benzoic acid and sulphuric 
acid, making a total of three units of basicity, is dibasic. When the 
majority of organic compounds with acids was embraced by the term 
conjugated, this rule was applied to determine the basicities of acids. 
It was taken aS s proof that nitric acid,, was monobasic because it 
formed a neutral compound with benzene. 


Formulae of Gerhardt and Laurent. The attempt to attach to 
tho terms atom ; molecule, volume, aud equivalent a definite and 
logical meaning and to establish a rational system of chemical 
formulae was one of.the most important services rendered by 
Gerhardt and 'L&urent to Chemical science. It has already been 
stated that the different opinions whr.h existed on tho interpretation 
' arid in the application of these expressions, was such that many 
chemists had renounced the atomic* system of Berzelius and taken 
refuge in Gmelin’s equivalent notati m. Their troubles were not at 
an end and difficulties still pursued them. It could scarcely be 
otherwise so long as the molecule remained an indefinite quantity. 

Gerhardt 3 introduced a new principle. Reviving Avogadro’s law, 
though, in a Somewhat restricted sense, ho proposed to make 'the 
ijqinvalcVits, by which ho implied molecules, of all volatilo compounds 
?%nd gases correspond to equal volumes. For this reason* he reinstated 
Berzelius’ old formula II 2 0 for water, seeing that it was composed 
of two volumes of hydrogen and one of oxygen. From the density 
Cf mercury vapour, mercuric oxide received the formula Hg a O in 
placo of HgO, and the other basic oxides were referred to the same 
general type M a O. Tho result was that the atomic weights of all 


1 Ann. Chim. Phys.±< 1839, 72, 186; Gmelin’s Handbook , 7, 213. 

1 Precis de Chimio Organique, I, 98 ; Laurent’s Chemical Melltod , p 211. 
* Precis de Chimie Ofyanique, I, 62. 
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the metals were halved, whereby only the alkali metals and silver 
received thoir present values. “ 

Law of Even* Numbers. In his original memoir published in 
1842 Gerhardt 1 determined the. molecular weight by taking the 
weight of four volumes of vapour (compared with one of hydrogen). 
Finding that by so doing the number of molecules of water or 
carbonic acid removed in a chemical decomposition was always even, 
he proposed to double the molecular weights of these substances 
whereby they would became equivalent to ammonia N 2 Ba and 
correspond to four volumes. The decomposition of benzoic acid into 
benzene or of lactic acid'into lactide wore usually represented as 
follows: 

Ci 4 H la 0 4 = Ci a II 12 + 2CO a 

Benzoic acid. Benzene. 

C ( H 1 A = C G HA + 2H 2 0 

Lactic acid. Lactide. n 

It naturally followed that every organic compound contained an 
oven number of carbon atoms, which suggested tc -Gerhardt and 
Laurent tho idea embodied in^their empiric ‘law of even numbers’, 
according to which the sum of the carbon'Vnd oxygen atoms on tho 
ono hand and of hydrogen, the halogen? metal and nitrogen, on the 
other, was divisible by 2. < r 

These views were very soon modified. In tlw. 1*reels ih Chimie 
Organique alroady refeired to, i * place of four volumes tho two volumo 
basis of molecular weights is adopted, and all tho formulae aro halved. 
Hydrochloric acid, ammonia and water appear > a IICl, Nil, and 
II 2 0, ether is C 4 II 10 O and alcohol C 2 H 0 O, &c. Tho Law of Evon 
Numbers was restricted to the sum of thft hydrogen • halogens, 
nitrogen, phosphorus and arsenic atoms. Tho law stiJJ holds, and 
depends on the quadrivalency of carbon. Though at the time piiroly 
empirical, it had the effect of drawing attention to many formulae, 
which proved to be inaccurate and which were corrected .and 
simplified. , ^ 

> . > 

Basicity of Acids. t Tlie halving of the atomic weights of the 

metals and the introduction of the“(wo volumo standard of molecular 

weights, brought out clearly tho relation between related compounds. 

Acetic acid was now written C 2 H 4 0 2 and silver acetate C 2 II 3 Ag0 2 , 

oxalic acid was C 2 II 2 0 4 and silver oxalate C 2 Ag 2 0 4 * The basicity of 

the acid appeared as the number of hydrogeif atoms replaceable by 
0 

1 Berne scientijique de Quesncvillc, lu72. 
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a’rrietal, and basic water necessarily finished. The scries Arere, written 
as follows: * ■* 


Monobasic. Dibasic. , , Tribasic. 7 

Nitric^icid N0 9 .H •• Sulphuric acid S0 4 .JI 3 F?iosplm-ic acid P0 4 .II n 

Formic,, CHO.,. H Oxalic ,, Jp 2 0 4 . J[I^ Citric 1 „ 0 6 II-,0 7 .1I 3 
Acetic^ * <llIA.II, 

# Other cj'iteriS of basicity were afterwards added by Gorhardt and 
Laflfbnt. It was no louder essential that an acid to be dibasic should 
fdrm a double salt with t\yo different bases, as defined b^* Licbjy 
(p. 23). An acid, if monobasic, formed one salt, ono eth*r and one 
neutral and doe It was dibasic if it formed an acid and neutral salt, 
an acid and neutral ether and an acid and neutral amide, as well as an 
acid emoride containing two atoms of chlorine. 

Sulphuric acid and oxalic acid wero consequently dibasic and 
formed the following series of derivatives: 1 

(^xali*; acid (\0 4 . II 2 Sulphuric nrijJ SO,. 1I 2 

Potassium elliyl o^alato C 2 0 4 (CoH 1 ') Iv* Potassium sulphate S(> 4 . K., 

Djt'fliyl oxalate * 0 2 0 4 (C ;! lI-\, Pofissium hisulpliato S0 4 .lvil 

Oxamido C.A(NII 2 )., Sulplmvinic acid S(> 4 iC a ir- l 1I] 

Oxurnio acid ** ‘ C 2 0 3 (NII 2 )1I Ethylic sulphate S0 4 A^.O 


Tlie radicals, at first entirely discarded by Gerhardt, wero afterward? 
introduced into his resi-^uos. It was clear that in a substance like 
acetic ether some kind of t fixity existed 0 hotwoon the constituent 
parts, acotic acid and alcohol, from which it was obtained and intc 
wfiich K. could Easily be converted. 

• Gerhardt’s System of Classification. Wo cannot conclude an 
account of Gerh^rdt's contributions to organic chemistry without 
a brief reference to his system of glassification which appeared ii: 
the Precis of 1844. IIo begins by defining organic chemistry as tin 
chemistry of carbon compounds , and proceeds to show how living 
nature has 1 elaborated flie most complex of these substances, the 
simpler ones Iftu'ng produels*of their decomposition. The latter ihay 


be ^obtained artificially; but the chemist lias not yet succeeded in 
building up tl?o former. Ho then proceeds to explain-how a simple 
nlassificatipn may be obtained by arranging compounds haying 
similar properties according to the number of carbon atoms which 


j;hey 'contain, and which* ho teamed cchcllc dc combustion. In the 
•different series the qarbon and hydrogen appear in the ratio of one 


to two. Expanding an idea which Dumas had applied to the organic 
acids, and Schiel (1842) to the alcohols, Gerhardt pointed'out that if 

V 

stands for this ratio, then marsh g&g and the paraffin series are 
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represented r by J2 +a , the alcohols fry lt +z O, and the acids by JRO 2 , &c. 
To theso series he gave the name of corps homologucs. He arranged _ 
all organic compounds according to the number of their carbon 
atoms on the saine rung o£ his ‘ ladder and called it a family'. 

• » 

Laurent’s Atoms, Molequles, and Equivalents. In hi? new 

system Gerhardt regarded as synonymous the terms atom, equiva¬ 
lent, and volume, by which he understood‘what we now express by 
t]ie word molecule. Laurent 1 jlrew ejearor distinctions between 
them. Aki equivalent, ha.stated, was a number which in addition 
to indicating the combining weight also expressed -a /unction of 
an element. Thus, the * quantity of different bases required to 
neutralize the same quantity of acid is its equivalent. The quantity 
of oxygen which replaces hydrogen in a compound is its equivalent, 
but this does not imply an equal numbor of atoms ; for it is generally 
found that an atom of oxygen will replaco two atoms of hydrogen. 
These equivalents are not easy to determine; for different groups of 
elements have frequently entirely different functions, which cannot 
bo directly compared. Manganese in the manganousjjilts is equiva¬ 
lent to calcium ; in tho manganates it is equivalent to sulphur (as in 
the sulphates); and in tho permanganates to chlorine (as in the per- 

^ -W 0 

chlorates). But if, he said, wo assumo that equal volumes contain 
an equal number of atoms (molecules^ the atoms become strictly 
comparable quantities independent of the function of tho elements 
they contain. In reactions with chlorine Laurent observed that the 
atoms taking part are invariably an evon number. Thus, froili naph¬ 
thalene and chlorine now products are formed both by addition and 
substitution: 

C 10 H 8 + CL=£C U) II 8 C1 2 
- C 10 H a + 2Cl,=C 10 lI b Cl 4 

C 10 II 8 + Cl, = C 10 II 7 C1 + I1C1, &c. 

Adopting the suggestion made by Ampbro that tho atoms of 
hydrogen and chlorine are divisible, 2 he concluded that the .elemen¬ 
tary gases are composed of two atoms, and he then fornmlated ‘thb 
distinction between atoms and molecules, which had been pointer 
out so clearly forty years before by Avogadro and Auipbre, and 
which we still accept. When atones of hydrogen and chlorine,unite 

t * 

they, do -lot simply becomo attached ; but tho molecules of hydrogen 
and chlorine first divide into atoms: 

IIH + C1C1=HC1 -b HC1 

It was then no longer necessary to distinguish, as Gerhardt had 
1 Chemical Method, p. 7. 8 Chemieus Method, p. 65. 
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done; between the atoms of elementary gases, which were determined 

from the weight of single volumes,"and those of volatile compounds, 
which were fixed by the ratio of two volumes to one of -hydrogen. 
The molecules of alfegases could now be brought intv line and deter¬ 
mined oj the two volume basis. *-It vras considerations of this 
nature? as well as the law of evon numbers, which suggested to 
Laurent the formula Cy^ for free cyanogen, instead of Cy, and 
(CII^* for that of the newly discovered radical methyl in place 
of *CH 3 . 

In spito of views thus clearly expressed and fully endbrsod by 
both Laurent af»d Gorhardt, it is curious to find in Gerlmrdt’s troatiso 
on prganiq,Chemistry, the first volume of *Vrlrich appeared in 1853, 
th| reappearance of the atomic weights and barred symbols of Berze¬ 
lius, an account of the new system being relegated to the last volume 
r of the book. The strong prejudice which still existed in favour of 
the old notation is evident from Gerhardt*s reply to # Pobal who ques¬ 
tioned him on the, subject: ‘ My book w^uld never have found a 
purchaser.’ 1 The now system made few converts until after the 
appearance of jthe celebrated brochure of Cannizzaro in 1858, 2 in 
which the principle of determining molecular weights by means of 
the vffpour density was sy.?Vunatically Paid down and logically carried 
, through. Until that time the equivalent notation of Gmelin became 
almost universal. 1 

•) 

\Yo m\ist interrupt the narrative at this point in order to follow 
the fortunes of Berzelius and his followers, who still adhered to the 
radical theory, as it was termed, in opposition to the theory of sub¬ 
stitution. # , 

* # 

‘The School of Berzelius: After a masterly criticism of Dumas* 
Jtheofy of types, 3 Berzelius drafted entirely away from' the French 
school, which now claimed Liebig and a growing number of the 
younger Gemma chemists among its adherents. Nothing could 
^shalce his faith in. the electro-chemiSal theory to which ho clung 
m&re firmly' than ever. .» • 

^Reviving .Lavoisier's definition of a radical, Berzelius wrote: ‘An 
oxide cannot be a radical. The vory meaning of the word indicates, 
th&t it«s the body which is united to oxygen. To regard a radical 
att an oxide would be equivalent to supposing that sulphurof/s atid 
(SO,) is the radical of sulphuric acid, and manganeso peroxide (MnOJ 
that of manganic acid.’ , ' • 

• * Ostwnld’s Klassiker, No. 80, p. 66, footnote.* 
a, Nuovo Ctmenlo, 186$ uni. vii. * Jaltresb., 1810, 20, 260. 
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As carbon, hydrogen yid nitrogen could form part of-an 
electro-position radical, chlorine as well as oxygen had to disappear 
from the radical. Benzoyl Cj 4 II 10 O 2 the radical of benzoic acid,' 
originally accepted by Bprzelius, was now replaced by ‘piprainyl* 
C, 4 II„„ and the chltfrine substitution products were explained as chlo¬ 
rides of hydrocarbon radicals. A difficulty was presented \>y bodies 
which contained both chlorine*and oxygen. In such cases it became 
necessary to double and sometimes to treble the original fo'rinula. 
•This led to the introduction of .the copula or conjunct (Paarling), an 
expressidh borrowed from Gerhardt, but employed in an entirely 
different sense. Thus, phosgene was written C0 2 -^'C/}i 4 , that is a 
compound of oxide of <fiirbon united ip the conjunct, ^chloride of 
carbon. For the same reason benzoyl chloride became: * ? 

2C, 4 II,oO a + C 14 II JO Cl e . 

Thus Berzelius continued laboriously to construct his electro-chemical 
formulae upon a foundation which every moment became t more 
insecure . 1 

Chloracetic acid and acotic acid were at first regard by Berzelius 
as distinct and unrelated, acetic acid being the trioxide of acetyl 
whereas chloracetic acid was oxalio^icid united to the conjunct, 
chloride of carbon, * 

c a Gi 6 +c 2 <vn a o. 

fc The complete analogy shown to exfst' between *che properties of 
the two substances' (p. 2'jy and Molsens’ discovery (18|^, that 
chlogicetic acid can be converted by reduction with potassiuni 
amalgam and water into acetic‘acid, removed this shadowy distinction, 
and both substances now appealed as conjugated compounds of oxalic 
acid, one containing the radical methyl C 2 ll c ,. and the other ch|oride 
of carbon C,C1 6 : , • 

, “ C a II 0 + C a O a + H,O. 

,v C a Cl 0 + C.,0 :} + ll,0 

The replacement of hydrogen by chlorine in tho conjunct did 
according to Borzelius, materially affect the properties of fio 
compound. 

1 Still the one compound was virtually, although not admittedly, 
a yubaLitution product of the other. In his satisfaction in the con¬ 
junct he had sacrificed the integrity of the radical and tacitly accepted 
the principle of substitution. 

'In 1845, Hofmann announced the discovery of the chlorinated 

<■ r 

1 Jahresb., 1839, 10, 375 1 
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arfdbrominated anilities, 1 and later the iodo-, cyano- and nitno'-anilines, 
which still retained the basic character of the origin:}) compound, 

' Although the property was weakened in proportion to the amount 
of hydrogen replace^. Berzelius explained th(J chtyigo by "repre¬ 
senting *anilino, as he represented tjjo a^.Moidsp ns ammonia con* 
jugated # wlth a hydrocarbon C ia II 8 + N.,11^; chloraniline would then 
bo # ammoni^ ’attached to the conjunct Cp II, ; CL. This view was 
at "firsfr accepted by IIofnAnn,* but .ho soon found a difficulty in 
explaining the anomalous behaviour of aniline oxalate, Written t 
N 2 H 0 (C k JI 8 )H. i C 2 O 4 , which, unlike ammonium oxalato, refused to 
yield a cyanogoa derivative on heating. This anomaly is removed 
if aniline is an amido compound ; for if vmter is eliminated from 

the radical phenyfC|.JI 10 must be destroyed.'’ 

flius aniline and its derivatives took rank as phenyl substitution 
products of ammonia. 

Jfti spite of the rapidly accumulating evidence in favour of the 
•substitution theory, Berzelius novel* relinquished tho electro-chemi¬ 
cal theory which he had so carefully constructed and so warmly 
defended. 

In the Treatise of 1827 ho prophetically wrote: * An opinion 
long bold often brings conviction of its truth. It hides from us 
its weaker points, and thereby renders us. incapable of accepting 
*ad verso views.' 4 Yet nothing could be# more unjust than to infor 
that .the views of v Berzelius, misleading as fiioy proved, were unpro¬ 
ductive. _ 

• * 

• • 

• • 

The Researches a of Frankland anc^ Kolbe. Two disciples of his 
school, Frankland and Kolbe. contributed between tho years 1810 
and 1850 a o series of researches of supremo importance to organic 
chemistry, which now rank among the classics of chemical literature, 
fcolbe’j opinions were influenced by the results of his tirst important 
investigation (18^4) on the action of moist chlorine on carbon bisulu 
phide; s fotfit is here that the galvanicl>altery is first mentioned ‘as 
perflaps aflbixling tho experimenter a powerful instuumeirt for 
difjfelosing the chemical constitution of organic compounds'. The 
reaetio*n in question gave rise to a product, which was decomposed 
by • polish, forming trichlorometbylhyposulphuric acid (trichloro* 
m#thylsulphonic acid). By tho successive replacement of cl/foriae 

• t 

1 Chtm. Soe. Memoirs, 1815, 2, 2(5(5; Ana.len, ^815, 53, l; 54, 23. 

* Annulen, 1848, 67 ; 172 . , * 

* Armstrong, Memorial Lecture, Chem. Soc. J., 1893, G55. 

• 4 Treatise (1827), vol. iii, p. 50. a 

• 6 Annulen, 1845, 5%, 445. 
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organic chemistry 

by hydrogen Kolbo obtained 3 series of compounds which ill -iJlie 
barred notation of Berzelius appeared as follows: 

f HO + G,€l;„ S ,0.-, 

HO + C dICl,, S,0, 

11(54 GM&i S,0 5 
HO 4 CUfS.X), 

The compounds were represented by hyi osulphuric acid conjugated 
with *»nethyl or substituted methyl radicals, forming a parallel scrios 
with acetic and chloracetic acids : 

ho + c a ei 3 , ao ; > 
no 4 c.jici..,"c .o ;l 
HO 4 CJI/i c/>, 

HO 4 C,HC\0 ; , 

‘The following facts,’he concludes, ‘stand in a certain relation to 
the new theory.of substitution, and appear at iirst sight to lend it 
powerful support.’ 1 , • ,f 

Whilst formally admitting the principle of substitution, 3 Kolbo 
maintained an unshaken faith in the radicals approximate con¬ 
stituents of organic compounds, which, however, can undergo 
substitution by chlorine, bromine, amidopaiitrogen peroxide. <S!l\, and 
the object of many of his polemical writings was to rehabilitate the 
radical theory when tlip rival typo theory of Gerhardt, to which 
refeienco will shortly bo made, threatened to replace it. 

It was in the attempt to isolate the radicals tluu Kolbo and 
Franklnmi discovered the iirst general synthetic methods* for pre¬ 
paring tho paraffins. As far back as 1881 Liebjg had suggested the 
possibility of isolating tho radicals, and even suggested a method for 
doing so. 3 In 1881) Lowig announced the separation of.ethyl 0.,II- 
hy the action of potassium on ethyl chloride, 4 hut it is improbable 
that the substance lie describes was the compound in question. 
By acting upon ethyl cyanide with potassium Frai kland and Kolhe 
hoped to remove the cyanogen and liberate ethyl/' \ gas was 
evolved which corresponded in composition to the- radical methyl 
O.d[-,/■ In tho expectation of preparing methyl chloride, they treated 
the gas with chlorine, and obtained a compound which could ho 
liquefied under pressure, and had the composition C 4 1I-(?1. Tho 
sivbstitnce was in fact ethyl chloride, and the hydrocarbon, frt'm 


* Antnilun, 1850, 75, 211. 

1 J'ogg., Ann., 18:51), 45, 346. 


1 Annnlrn, IS 15, 54, 187. 

3 Anntl'm, 1831, 0, 15. 

*’ Amin/ru, ISIS, 05, 261). 4 

r ’ This was explained l>y siq posing ethyl 0 4 II 4 to break up into methyl 0,11, 
and oleliunt gas C a ll a . 
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which it was obtained, ethane ; lm|> by some alleged discrepancy in 
m properties, tlio truo nature of tho reaction escaped Them, and the 
chloride was described as a conjugated* compound of methyl with 
clilorwnethyl C\H* C,If Cl. •. * . 

Othe»hydrocarbons, and tho firs^of tile highfy interesting class of 
orgauh-metallic.compounds, wore afterwards obtained by Frankland, 1 
Tjfrlip,.in continuation of*the same line of investigation, substituted 
tlya iodides of the radicals lor the* cyanidos and zinc for potassium. 
By the action of zinc on ethyl iodide a hydrocarbon \va| obtained, 
which* was looked upon as the free radical, written now without 
barred atoms,* C. t II-, 2 whilst zinc, otliyl^iodido and water, when 
heated ."mleii pressure, gav® a hydrocarbon which was identical with 
that previously obtained by Frankland and Kolbc from ethyl cyanide 
and potassium, and was consequently methyl C.ALj. Then followed 
t^o discovery of zinc methyl, zinc ethyl, &c., and tho corresponding 
tin and mercury compounds and their oxides, "whilst Liiwig and 
Sch ./oizor n succeeded in obtaining the ant imony derivatives, Wanklyn 4 
discovered potassium and sodium ethyl, and Friedol and Crafts, 5 
silicon ethyl. 

Not the least important of, the contributions made by Ivolbe and 
Frankland to organic ch^iTiistry, was the discovery of the synthesis 
, of organic acids from tho tyranides of the* radicals. 0 This research 
was again suggested by Berzelius’views on tho constitution of acetic 
aeiTl, wlkieli represented itniS oxalic acid conjugated with methyl. 

It was vMl known that cyanogen in aqueous solution gradually 
“clitvnged to the ammonium salt of oxalic acid and that hydrocyanic 
acid could be converted by alkalis* into formic acid, which was 
written as oxalic acid conjugated wSt!* hydrogen IT, G,0 ; . H- IIO. 

* It naturally follow'd that methyl cyanide should yield methyl 
• oxalic acid, # i. e. acetic acid, and so with tho other cyanidos. Tho 

expoftmenlM results fully corroborated them conclusions. More, 
over, it", broujfht out clearly the relationship of the acids *as 
t g, series of hydrocarbon radicals having a group C a O ;} , HO in common, 
wtiich translated into our present notation corresponds to carlboxyl: 

* IIO + IT, C,0 ;J Fornjic acid 

110-f 0 JLj, Acetic arid 

IIO 4 C 4 ir.-, C_,0;.» Propionic acid, &c. 

1 Quart. J. Chinn. Hoc., 1819, 2, 263; Autumn, 1819, 7i, 171. 

" Although Kolhe, used l.ho barn■<! atoms'!n his formulae, and continued to <lo 
so as late as 1859, they wore dropped by tho majority of chemist*, wlift employed 
only tho equivalent, notation (C - 6; O- 8, &<;.). To avoid confusion tho barred 
atom is henceforth omitted in all the fnrmtila«£ a 

* 4minim, 1850, 75, ."W5. * AimnUn, 1858, 108, 67. 

* Annaten, 1863,127, 31? # - Annalen, 1848, 05, 2£S. 



30 ORGANIC CHEMISTRY 

In dvvct Tolation to ibis rcseavch stands Kolbo’s investigation into 
tho behaviour *-f the fatty acids on'electrolysis, which rosultcd in the 
discovery of a now synthesis of tho para 11 ins. 1 It arose out of an 
attempt to oxidize the oxalic acid of the acids to carbon dioxide in 
the hope of liberating the nnlicalewith which it was unitgd ; or in his 
own words, ‘Starting from tho hypothesis that acetic acid is,a con¬ 
jugated compound of oxalic acid and tho conjunct methyl, I.considore/1 
it, under these circumstances, not at all improbable that electrolysis 
might effect a sopuraliou of its conjugated constituents, and that in 
consequence of a simultaneous decomposition of water, carbonic acid 
ns a product of the oxidation of oxalic acid might appeal*, at the posi¬ 
tive, while methyl, in continuation with hydrogen, viz. as marsh gas, 
would bo observed sit the negative pole.* Although the process did 
not take place quite in the manner anticipated, the success of tho 
experiments is too well known to bo recapitulated in detail. Tho 
radical methyl Q II. (in reality ethane) was supposed to bo liberated 
from acetic acid, and valyl.C,!!., (in reality octane! f«om valeric acid. 3 
The idea of tho copula or conjunct which was requisitioned by 
Berzelius to divide or duplicate bis formulae for dualistic purposes, 
received from Kolbe a rather moro dotinito signification than Berze¬ 
lius had attached to it, and led*to very interesting developments* 

If all tho organic acidsnirc conjugated oxalic acids, it follows that 
tho character of the radical will undergo a change in conformity with 
this view. For example, the original acetyl radical,U,II (; of Kogneult 
which was, employed, to shoyr the relationship between qldehyde, 
acetic acid and allied compounds (p. 10), was now broken lip J>y„ 
Kolbe into the conjunct methyl, which was attached to carbon thus, 
(tyy'Cjj. The radical contained two pairs of carbon equivalents, aiul 
different functions wore ascribed to each. It was the .pair lying 
outside the radical which was supposed to afford the point of attach¬ 
ment for oxygen and chlorine. Some of Kolho's formuluo appear as* 
fallows: 3 4 

. H<>,j(UTJ0,,O Aldehyde- 

! 11O,(0.,II ;i )~C,,O., Acetic acid ' 

i 

. I * 

, Quart. J. Chan. Sac., 18.10, 2, 157; Alembic Club Iiijirints , No. 15; Annakn, 
ISM). 00, -17. * , ; 

* It curious fact that tho formulae of both hydrocarbons (in Kolbc’s iml i- 
tiou they stood for C. 2 If,., JC S 1I H ) are yiven correctly, though transposed into tl?e 
modern form they would* stand for ('ll, and Tho oorrospoudonce is acci¬ 

dental, ant) arises on tho ono,hand from tho use of tho double molecular formula 
for k tho acid, and on the other from tho fact that the radicals unito in pairs and 
form substances having molecular weights double of those recognized by the 
author of the memoir. « 

s See footnote 12 on previous page. 
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(C a H;j)"C 2 ,Cl 3 Hit hloi'o-hjlli oehlorio other (trlchlorOcthane) 

(CjIIyJO . (C 2 Cl,)"C..,O a Tricliloraceljc other 

(C,II 3 rg, | Acetamide t 

(C.JT,j)^C.,N Methyl «ynnide 

. •“ • 

i« this way methyl was recognized as an integral part noUonly of 
acetic acid, but of marsh gas*(cyH;.Jf!, wliicli it yielded on distillation 
with fiinc, and of cacodyl oxide, written (t£lI a )jAs,0, which it formed 
on heating the potassium salt with arsoniou^oxide. It explained, more¬ 
over, why*the last equivalent of hydros'll in chloral HO, (C,C1 ;S )C 3 ,0 
was not replaced by chlorine. Tho same system was applied to other 
acids, benzoic acid and its derivatives being represented by oxalic acid 
conjugated with tho radical phenyl C,JI-: 


lio^ji-xc.A • 

n<¥u„. {rc,,°, 
110,(0,., {“jj ro 2 ,o„ 


Benzoic acid 
Nitrobenzoic acid 

A*midobenzoic acid 


For the same, reason that marsh gas ficc^nio the hydride of methyl, 
benzene«ap])ear.'d»as the ltyVIrido of phenyl (C 12 1I-)1I, and phenol as 
its ox # yhydlato 110. (C, a lI-,)0. 1 In tlirs way Kolbe sought to rehabi- 
Mittite tho compound radical: 

Tho constitution attached to cacodyl oxide was later extended to 
cacodyl and the orga no-metal lie cthnpounds generally in which tho 
radicals appeared as tjlie conjuncts of the metals. Kolby was, indeed, 
• tho first to # interpret correctly tho constitution of cacodyl to tho 
extent of l^garding it :«s arsenide of methyl (C a H :i )fAs. 

Frankland dissented from this view. It was generally admit fed 
il^at # tho*sa^uration capacity of a substance was retained in a conju¬ 
gated compound. Oxalic acid has the samo saturation capacity in 
tne 1‘reo state as when conjugated with the radical methyl CJIj in 
acetic .acid. This was not tho case with tjie metal in tho organo* 
iyetalAc compounds. Cacodyl in.cacodylic acid, which is tho^liighest 
oxidation product, is.only united to three atqms of oxygon instead 
of live as in arsenic acid, to two tn antimony ethyl and to only 
one in tin ethyl. He preferred to represent these compound^ as 
substitution products of the metallic &^dcs: 




1 Annalcn, 1810 , 70 , 1 . 
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Inorganic types. 


Sb 


Sb 


Sb 


S “ { 0 } 
n e {\} 


ff-gano metallic (Iriirutives. 


As | 

IS) 

1 si 

« A ■ CJI ; ? 

As ^ c..ll :! 

( 

0 

C.JI, 

AsJ 

0 

AS' C.fl;, 

1 

0 

ko 


(01 

/c,i-i,\ 

1 0,11a 
* i “ 

a 

0 


Cacodyl oxide 


O 

10 


Cacodyl ic acid 


mm 


Stibethino' 


Binoxide of Slibethino 


Zn(C.JI : .) Zincmethylium 
Zn | ^ | Oxide of Zincmelbyl 

0 , 11 , 

Sb C.,H- 

CJI* 

c ill., \ 

a,n, 

§b c.n . 1 

0 

c 4 ir, 

Sb- C,1I, 

o.n, 

o 

Sn(0,II-) Rtanothylium 
Sn | ^ 4 ^ r> | Oxide of Sian thylium 


Oxide of Stibethylium 


II 


. C JI ; ,) Iodide of Ilydrargyro 
'’I i mothyliuni 


It was in this memoir 1 that Frankland drew attention to the 
regularity subsisting between the number of the different kinds 
of atoms which are found in combination with tho same element. 
This was the first announcement of the doctrine of valency or 
atomicity, as it was then called, winch will bo referred to pre¬ 
sently (p. 50). 

1 r/til. Trans., 1832, 142. 41V. 
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Kolbe’s Views on Constitution. | Tins relation of (ho oygauo- 
» metallic compounds to tho oxides of the metals, which Eranklaml first 
pointed out, suggested to Kolho a fujthei^modificatioii of his theory 
of conjugated compounds. 1 As cacodylic acid lto(O a iI : ,) a AsO ; . 2 may 
be derived f*om arsenic acid IlllO.JfcsO- *oy replllcing two atoms of 
oxygon*by two methyl radicals, so carbonic acid may be regarded as 
tli£ mother* substance of % tli e organi<* acids in which part of the 
oxjjgen is replaced by hydrogen or*radicals: 

2 ho.ca no.lie .a • no.an... c,o,, & c . 

Ciirlfoniu aciil. Formic acid. * A<-otio aoid. * 

This was a rtnuiter-slroko delivered by Kolbe at the arfificial in¬ 
organic types, »is ho regarded them, of (jorhardt’s now theory which 
had just appeared (see p. 44). Carbonic acid, the raw material of 
vegetable synthesis, was oil tho contrary a natural type from which, 

• as by tho vital process, complex derivatives may he obtained. 

In order to explain tho difference of basicity between carbonic 
acid and tho falt^'.„cids, the group C./)., in carbonic acid was split 
into two (CAfcO* and tho basicity was made to depend oil tho 
number of extra radical oxygen atoms. Tho above formulae became 

2 no. (ao 2 ),o., no. n(c./y,o no. (c,tt ;! )(C.,().,),o 

f ^ 

Carbonic acid witli its two extra radical oxygen atoms is dibasic, 

* whereas formic and acetic acids, with oply one, are monobasic. By 
replacing the last extra-radical oxygen by hydrogen or a radical the 
neutral al'dohydes and ketones result: 

t « (' IT ] * IT | r 

• • ii./ty),) -„}(CA) c!ii : !) l °' A) 

Formaldehyde Acetaldehyde. Acetone. 

(then unknown). * * 

If in, these’more oxygen is substituted, the alcohols an^l finally the 


hydrocarbonstaro obtained: 


II., I * 
Fitliyl hydride. 


iio.cji.,, 9 uo.^lc.o 

* # Jfethjf alcohol. • Ethyl alcohol. 

f Tho curious part played by the molecules of water, which sometimes 
appbiy: upon* the scene and again vanish, is due to the insignificant 
role assigned to them by Berzelius and his scliool. 

^However fantastic Kolbe*s formulae may now appear, the systom 
was in so far successful that it enabled him t^ foretell the existence 
of many unknown compounds, some of, which, though not all, 
have since been obtained. Thus, formaldehyde was predicted, ajnl 


• 1 

2 


Anmtlen , 1K57, ]01^257; 1800, 113, 21)3 ; (mwald’s Khmihvr* No. 32. 
*lu those and subsoiifont memoirs Kolho disraidod tho hai red atoms. 
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also the secondary and tertiary alcohols. * For,’ says Kolbe, 'suppose 
that we introduce into the alcohols in place of one or two atoms of 
hydrogen the same number o € . methyl, ethyl, &e., atoms in the same 
manner (as acetone is derived from aldehydo), wo shall obtain new 
alcohol compounds of the following constitution.’ 


Normal alcohol 
Monomethyl alcchol 

Dimethyl alcohol 

Methyl ethyl alcohol 



c 2 ,o 


iio 

no 

iio 


c,u, 

e,H n 

ii 

CUT, 

cCu. 

C JI, 


C 2 ,0 

[c*o 


( C JI, ) 

c,n, c 2 ,o 

1 C t ll,) 


‘The monomotliyl alcohol v/ill he isomeric, not identical with 
propyl alcohol, and diinethyl alcohol will be’ isomeric with butyl 
alcohol.’ 

Two years later the first of theso predictions was verified by Fricdel, 
who isolated secondary propyl alcohol, and the second by Butlerow in 
1804, who prepared tertiary butyl alcohol. They agreed in nearly 
every particular with the properties foretold by Ivolbe. 

‘ These compounds will probably form, with the hydracids, halogen 

compounds like ethyl chloride, also sulphur compounds and niorcap- 

tans, and'lvith sulphuric acid, sulphuric ethors; but those compounds 

which are combined like the dimethyl alcohols will not he oxidized 

* 

to aldehydes and acids, like the normal alcohols, as the two freo 
hydrogen atoms, which in’ the normal alcohols are attacked, are 
missing. Nor can the monomethyl alcohols .vhicli still retain a freo 
hydrogen atom be converted into .acids, but by the t ame process uf 
oxidation which yields aldehydes in IJio case of normal alcohols will 
convert the monomethyl alcohols into acetone.’ 

We must now pick up the thread of the narrative wliere tvo d/cvpi ed 
it to follow the fortunes of the radical theory. 

The standard of volumes adopted by Gerliardt anu Laurent foi 
determining molecular weights served its purpose admirably by 
bring'ng together compounds \ihich wore related to ono another, 
but gave no information about their structure. The doctrine of 
residues in its original'simplicity could not satisfy the aspirations 
of chemists in face of the powerful testimony which the researches of 
Frankie nd and Kolbe, Ulofmann and many other chemists, had 
brought in support of the radical theory. ( 
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Williamson's Researches on (Ether. It was at this 'critical 
period in the history of the science that a short and unpretentious 
memoir appeared, which gave an unexpected turn to the ci’jrrcnt of 
chemfeal thought. '(This was Williamson’s research <$n etheriiication, 
which was “first read at the meeting of the British Association at 
Edinburgh in I860’. 1 It is difficult to embrace in a sentence the 
far-reaching consequencoi which followed its publication. In tho 
fivst place it settled tho vexed question of tho relation of alcohol to 
ether; secondly, it introduced a nfiw and important synthetic pro¬ 
cess ; it showed, further, how chemical methods might be employed 
in determining molecular weights; but above all it reconciled the 
tyvo contending schools of thought by avoiding together the radical 
theory with Dumas’ theory of types. 

The constitution of alcohol and ether had, as we have seen, received 
various interpretations. Berzelius regarded them as oxides of 
different radicals, Liebig formulated other as the or.ide of ethyl and 
alcohol as its liycti'uto, Gcrliardt in 1811 wrote their formal no C a II,.0 
and C 4 lI 10 Ofrom tho valuo of their vapour densities, and Laurent in 
1S4G explained their relation by comparing them to potassium hydrate 
and potassium oxide, as tho hydrate and oxide of ethyl (— Et): a 

KIIO * EtllO 

KKO * EtEtO. 


In 1850 Williamson investigated the action of ethyl iodide upon 
potassium ethylate in the hope of replacing tho potassium by ethyl 
and do forming a new ethylated .alcohol. 

The experiment gave entirely unexpected results; for, in place of 
alcohol, he obtained ordinary ether. He recognized the importance 
of tho result, explained by means of it tho formation of ether, and 
demonstrated the correctness of his conclusions in a series of brilliant 
experiments. Williamson saw at once the application of Laurent’s 
and Gerhardtf views, which ho was one of tho first to adept, 
formulating tho reaction thus: * 


• fc 

V 

4 

* 

Kolbu strong 
$'>llo\tfs: 


c ^o+cyi,i = ik+ 

2 •) j 

ly opposed this view and represented tho reaction as 

/ 

C 4 IL,OKO + c 4 lbj - 2 (C.,11.,0) + Ivl; 


s 

in which, using the equivalent notation, potassium alcoholate appears 
as a compound of potash and ether. Substituting methyl iodide for 




1 Quart. J. C7iei*\S;»c., 1852, 4, 229; Al-mbic Club Reprints, No.lG. 
1 Chemical Method , j>. ,75. 
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otliyl iodidb, methyl ether and^ ethyl ether should be' formed, sup¬ 
posing the latter view to bo correct, whilst, according to Williamson’s 
theory, mothyl othyl ether should be formed. It was the second re- r 
action which occurred. . • 

The experiments ’clearly demonstrated that ether is derived from 
alcohol by replacing one atom of hydrogen by ethyl, and.conse¬ 
quently that it possesses a larger molecule.^ . • 

It now remained to explain the formation of ether from alcohol 
and sulphuric acid. c 

The formation of . ether by heating a mixture of alcohol and sul¬ 
phuric acid is so simple an operation that it seems,not a little 
remarkable that more than t\vo centuries,elapsed before the obscurity 
which enveloped this reaction was finally removed. As the study t of 
this subject and the discussions which rival theories called forth 
engaged chemists from the very inception of organic chemistry, it 
will not bo entirely out of place to traco the phases of its development. 
The first method for proparing other is ascribedValerius Cordus 
in 1540, who called it oleum vilrioli dulcc, the name being changed to 
ether by Frobenius in 1730. The compound was formed by heating 
a mixture of alcohol and strong sulphuric acid. Fouvcroy and 
Vauquelin explained the reaction by sujtyosing that alcohol ldses a 
molecule of water. This agreed with the etherin theory and with 
Liebig’s later view. The explanation was, however, open to criticism. 
Other*dehydrating agents, like potash and baryta, effected no change 
of’this kind, and when it was afterwards pointed out:tbit water 
distilled with the ether, it was difficult to conceive how sulphuric, 
acid could act by reason of its affinity for water if it parted with it 
in the process. Dabit discovered that the first action of the sulphuric 
acid on alcohol at the ordinary temperature was the formation of 
a new acid, which was not precipitated by barium salts. Tt was 
termed sulpliovinic acid by Sertttrner, who studied it more carefully. 
Then followed tlio discovery that the'contents of the vessel after 
distilling off the etluy could no used for tho preparation of fresh 
quantities of the latter by adding alcohol, an observation upon which 
Bopllay, the father of Dumas’ colleague, founded the present con¬ 
tinuous process. The first clear experimental evidence as to tho 
nature of this curious find complex reaction is due to lien;.cl, i|n 
English apothecary. lie proved that tho formation of sulphovinic 
acid is essential to the process. In the first place he found by dis¬ 
tilling eq'ual quantities of sulphuric aqid and alcohol that, as the 
ether distils, the quantity of free sulphuric acid increases, whilst that 
of the sulphovinic acid decreases. If, on tho o*;ier hand, tho mixture 
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• • , . , 
is first diluted' with water, nothing f but alcohol passes Vjver, and 

, sulphuric acid remains in the distilling vessel. Ho further showed 

that on heating sulphovinic acid, as free possible from alcohol or 

water, a, certain quantity of ether distils. 1 , Berzelius ,l in his Jahres- 

bcricht for, 1829, attributes to Honnelrthe “view tliUt ether is formed 

by the action of alcohol on sulphovinic acid, and since tho latter, as 

Ilonnel first- showed, is a compound i>f olefiant gas with sulphuric 

acid, ether must be a compound of olefiant gas with alcohol, a con* 

elusion which bears a striking-resemblance to the modern view; but. 

there is 1 nothing in Hennel’s original papa' which we call find in 

support of this statement. 

Ilennel rather suggests that, on heating Sulphovinic acid, olefiant 
gas, is separated in a condition which enables it to unite with one 
proportion of water to form ether and, when diluted, with a larger 
.proportion of water to form alcohol. IIo subsequently expanded his 
theory as follows: When sulphuric acid and alcqliol are mixed 
sulphovinic acid a*»d water are forn’ied, the latter diluting a portion 
of the free sulphuric acid present. On heating the sulphovinic acid, 
it is the water of this diluto acid which attracts the sulphuric acid 
of the sulphovinic acid, and enables it to split up into ether and 
sulphdric acid. It should !.o remembered that the composition of 
( sulphovinic acid, as determined by Sorullas (1829), and later by 
Liebig and Wohler (1833), was represented as an acid sulphate of 
ether, am} written , 

, , C,II 1() 0. SO ;i + ILO. SO*. 

i • 

Liebig, as the result of a series of careful experiments, showed that 
sulphovinic acid docs not change bel<rw a temperature of 124°, but 
above that temperature it decomposed into ether, sulphuric acid, and 
sulphuric anhydrido. , IIo attempted to reconcile these facts with 
Jlenners view’s in tho following manner: the alcohol on falling 
into tha hot Sulphuric acid lowers the temperature below 124° at the 
surface of contact 1 , forming sulphovinic acid and water, which dilutes 
sulphuric acid around it. Tho sulphovinic acid then diffuses into 
the hotter liquid where it decomposes into ether, wliicb-distils, and 
sulphuric anhydride which combines at once with tho water of the 
dilute acid, regenerating concentrated acid, and is thus capable of 
uniting’With fresh alcohol.' Tho simultaneous distillation of water 
was accounted for by supposing that the ether vapour carries with it 
water vapour much in the same wa'y that a high boiling volatile 
liquid may be distilled in steam. Mitscherlich, however, found that 
■ by passing alcohol vapour into the mixture, so that no lowering of 
" 1 Phil, nuns., T&’G, 2, 240. 8 Juhnsb., 1820, 0, 204. '' 
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temperature occurred, the formation of ether was not interrupted, 
and both luf and Berzelius, and afterwards Graham, explained the* 
peculiar effect of t^o sulphuric acid as a catalytic or contact pheno¬ 
menon, by which they understood such a reaction as occuntd in tho 
presence of a substance wliicff itsolf underwent no tfhanye, and for • 
which no satisfactory explanation was forthcoming. 1 " 

Tho composition of ether Being now (pearly established, WiJ 1 Uni¬ 
son burned tho fact to account "in order to explain the production of 
ether fiym alcohol and sulpliui'ic acid.’ 

The explanation is the one we still adopt. The process occurs 
in two stages. Sulphovinic acid and water aro first produced, 
and the sulphovinic acid reacting with a fresh qiuvili-ty of alcohol 
forms ether and regenerates sulphuric acid. Ether and water distil 
whilst the sulphuric acid is free to react with fresh alcohol, and 
repeat the samo cycle of changes. Williamson confirmed those views? 
by showing thttt mixed ethers could be readily obtained by the uso 
of two different alcohols, and prepared in thisvhy a series of com¬ 
pounds containing from three to seven carbon atoms. 

In reviewing his results he points out that compounds like 
alcohol, ether, acetic acid, and its hypothetical anhydride may bo 
regarded sis water in which one or two^hvdrogen atoms aro replaced 
by the radicals ethyl and ollnjl (oxygep ethyl): • 


C,H , 0 
II u ’ 

Ale* hoi. 


cyi, u ’ 

Ether. *' 


(OJI ;i O) 

* *I1 U , 

Acetic ai-i»l. 


(CJI ;i O) n r 

Acel it*. anlifajrido. 


This memorable paper, which proved so fruitful in results and 
provided such a powerful stimulus to future research, concludes 
with the following words : 1 The method here employed, of slating 
tho rationul constitution of bodies by comparison with •water, 



simplifying our ideas, by •establishing a uniform standard of 
comparison by which bodies may be judged of.’ 2 . * • • • # 

Gcrliardts discovery of the acid anhydrides, in the same year*by 
heating the acid chlorides with their sodium salts, amply justified 
Williamson’s conclusions. r 

» * ’ *- 
Gerhardt’s New Theory o^ Types. In tho following year, 18515, 

Gerhardt' 1 published liis now theory of types, already foreshadowed 

in a memoir by Chancel and himsolf f on The Constitution of Organic 

fiuhiesb., 1835, 15, 215?. 2 Quart. J. Cl> : Sue., 1852, 4, 232, 

^ 3 Ann. Chim. Phys 1853^37/5i : 32. 


i 
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* 

Compounds, which appeared in the Invite Scientijiqnc for 1&51, It 
was a direct outcomo of Williamson’s memoir on ether, though 
unacknowledged at the time of its publication. 1 

To understand this* - - development wo must recall a few facts. In 
1S49 Wurtz lyul obtained, by the action of potash on 'cyanic and 
cyanuric^ethcrs, bases closely allied in smell and basic characters to 
ammonia, which ho compared to ammonia wherein an atom of 
hy<Tr5gen was replaced by tho radicals methyl, ethyl, and amyl.* 
Although tho existence of swh compounds had been foretold ten 
years earlier by Liebig, it was tho first .successful attempt to 
introduce radicals into ammonia. This interesting fact is recalled 
by Liebig himself in a note to Wurtz’s paper' in tho Annalm .* 

* ^f ono considers tho combination NIL or amide as a compound 
radical, which possesses the properties of radicals as opposed to tlioso 
acid radicals, it is clear that ammonia is tho hydrogen compound 
of a basic radical, which is similar in composition to hydrocyanic 
acid, but is the rowse in properties. Hydrogen cyanide is an acid, 
hydrogen amide has alkaline properties, a difference due to tho 
characters of the radicals which they contain. . . . Now we know 
that amido is capablo of replacing equivalent for equivalent the 
oxygeif- of many organic a'ids, and We find that tho new com¬ 
pounds thus produced have altogether lost the nature of acids, 
being indifferent in their chemical Character. ... If in tho 
oxidee of methyl, and ethyl, the oxides of two basic radicals, we 
wore able. to substitute ono equivalent of amido for oxygen, 
tl*era cannot bo the slightest doubt that we should obtain compounds 
perfectly similar in,their behaviour ,to ammonia. Expressed in 
a formula a compound C l II J +NII.j — E + Ad must have basic 
properties.’ 

Tho'character which Wurtz attached to tlioso compounds was 
soon afterwards confirmed by Hofmann, who obtained what are 
known as tho primary, secondary, and tertiary bases by the action of 
the iodides Ai tho alcohol radicals on auTline and ammonia. 4 

’ Tne organic phosphorus compounds which Paul Tlivnard had 
discovered in 1845 now received an analogous interpretation. In 
addition to thoso new classes of compounds, tho acid chlorides had 
been prepared by Caliours 5 ' in 1845, and tjuo anilides and other 
anirdes by Gerhardt and Chiozzu 6 in 1858. " * 


1 Vie de Gerhardt . p. 412. 

* Compt. rend., 18IS, 20, 3GS; 27,211; 18 JO, 28, 223, 323; 20, 130, 186, 203; 
Annalm, 1840, 71, 320. 

■ 3 Annaten, 1810, 71, 317. * Annut-n, 1800, 73, 01 ; ls5J, 70 , 16. 

* Coii^t. rend., 1815, 21, iF ; 1817, 26, 802. « Compt. rend., 1853, 37, 80. 
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All those groups of compounds were now referred 1 by Gerhardt to 
four types. * In expounding hi& theory he says: ‘I do not attach to. 
these h £o-called rational formulae, which give the molecular constitu* 
lion of chemical compounds, any exaggerated 'talue, because they are 
in fact only the expression of a partial truth, which in*a njore or less, 
complete fashion includes a certain number of chemical ‘changes. 
Such formulae, however, appear to me £o liavo their use, for tyioy 
may,exert a happy iniluence On the development of the science, if 
they are,viewed from the same standpoint and accord well together.’ 

The four types which he proposes are water, II a O, liydrdgon, H a , 
hydrochloric acid, IIC1, and ammonia, NII ;J . Each* vertical series is 
derivod from the type lly replacing thediydrogen by radicals : . 


11 1 

in 


Ill 


11 / 

Cl} 

II 

■N 




II 


Typo. „ 

Type. 

Typo. 

Type 

• 

C JI, 1 

Hi 

C,Hr, 1 

"Cl } 

°^}o " 

C.II,) 

"ii 

■N 




11 


Ethyl hydride. 

Ethyl chloride. 

Ethyl alcohol. 

Ethyhmiine. 

CUT, 1 
C.dl 5 } 

C.,11,01 * 

“ - Cl} 

1 

1 .0 

C..U 5 j u 

0 J 

C a ll 5 

Co Hr, 

“ii 

* 

In 

. Diethyl. 

Acetyl cfiloridc. 

Ethyl ether. 

1 *' » 

Dicthylaiiiine 

0 , 11,0 ) 

11 } 

C 7 n,0 L 

Cl} 

<yi ; ,oj 0 

CjIIfc 

0 , 11 -/ 

[•N 


Benzoyl chloride. 


c a ii 5 , 

1 

Aldehyde. 

Acetic acid. * 

Triethyhunin 

C JT,() 1 
CII 5 } 

CN )' 

Cl} 

c JT,P \ Q 

CJI ;J 0 / ^ 

C.,11,0 1 
“ II J 

In- 


. Il| 


Acctuno. 

Cyanogen chloride. 

Acetic jfnhydride. 

Acctumi 

idft 


They were in a s 511 .se mechanical rather than chemicjvl types, for 
the members of one type were connected together, mbre in outVhrd 
form than in properties ; but the typical formulae served admirably 
to express double decomi«ositiolis, to indicate the relation winch the 
function of an elemeni^beurs to its position in the type, and (j.nally, to 
explain cases of isomerism. * V 

Inorganic compounds wo if; also constructed on the system of 

< . NO ) 

types, nitric acid being represented «by Williamson as j| > 0, to 

which Gerhardt added Deville’s nitric anhy^-.ide 1 0. 
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Condensed* Types. In developing his views on the constitution 
of the ethers, Williamson had ahf>ady introduced tlw idea of the 
condensed water typo. lie pointed out that it may be ysefully 
employ'd in formulating the action of potash on the organic ethers. 1 

(}j;)Q 2 + CjI Ji'(C°) 4 c ^ll s . 

• t v 

*I« this equation the twefatoms of hydrogen in the double molcculo 
of potash are replaced by the group CO. Williamson recognized in a 
this thp existence of what we now term a multivalent radilnl, which 
was (hen callojl by analogy with the polybasic acids, a poh/basio 
radical. The group CO was therefore dibasic, or, according to 
(lexliardt, diatomic. The group SO, was regarded in the same light, 
the formula for sulphuric acid being derived from a condensed water 
type of two molecules and written 

S° 3 1 

1,3 . • 

Odling oxlonded the idea to other inorganic and organic acids, 

* 

and to the metals themselves: 


IT [ O 




Type. 

ir a 0 

n, j u * 

. .'Type. 


n ;{ ) o 

u 3 j a 

Type. 


J • 


Acetic acid. 

0 , 0 , l o 
' 11 , 1 - 
Oxalic acid/ 

0,11,0, l o. 

Ua i J* 

Citric acid. * 


NO., 

II 

Nitric acid. 


SO, ^ 

II, f Uj 

■Sulphuric a«r.d. 

r°i „ 

ir ;1 f°> 

Phosphoric acid. 


* Wurtz’s Etesearch.es on Glycol- In 1851 Williamson and Kay 
obtained ortliof^rmic eth'er by the action of sodium ethylate l 
chloroform-: 

’™} + 3 <J,II 5 } 0 " (CallJb j ° J + 3N ' lCI ‘ 

■ 

This .was the tirst examplo of a trifxasic hydrocarbon radical. * 
Al^mfc ffhe same time Berlllelot wjs engaged in the investigation of 
glycerine, and found tlyit it unites in three distinct proportions with 
acids, forming acetins, stearins, and ch»orhy<Jrins, &c. lie concluded 

1 The Chnitii'al Gazette, 18-M, 0, 334; AlembiCtClub Ii<‘])rints, No. 10, 46. 

• * Quart. J. Chrm. Snc+.T, 1. • • . 
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th.it glycorine bore the same relation to phosphoric acid that alcohol 
does to nitric ,icid : 

CUT-,1 n NO, 

» II « 


C a N, \ 0 

11, i 3 


Z)* 


Wurlz quickly perceived that a compound intermediate between 
alcohol and glycerine should oxist, derived < 'from a double water type, 
and containing a dibasic radical. Before long he had supplied the 
necessary link by the discovery of glycol : 1 

cai, 1 0 

» ii >/ U2 

«i " » 

Ilo prepared the compound from othylone iodide and silver acetate, 
which, on heating together, yield ethylene acetate and silver iodido. 
Using the typical formulae, the equation appears thus: 

™ + 2 ° J ,A8 } 0 - (C.fvk } 

Ethylene acetate on hydrolysis with potash forms glycol: 

(c 2 n %:} °* +2KH0 = Cl ]\t } o, + aW} o 


Mixed Types. Tho use of condensed types was shortly followed 
by tho introduction of K^nk tile's mixed types , 2 which ho set forth in 
a paper On the so-called Conjugated Compounds and the Theory of l 3 oly~ 
atomic Jtadicals. Kekulo’s object was to explain the constitution of 
Gerhardt’s now conjugated radicals, that is, the old conjugated com 
pounds which, in their new typical garb, played t\’o part of substituted 
radicals. Benzenesulphonic ijciu, sulphobenzoic acid, and sulphovinic 
acid wero written 

C 0 U 5 (SO s ) 1 0 C,1I 4 (SO,)0 t CAtSOJO 1 0 ■ 

Ilf Ilj) Ill , 

* llonzenosulphonic acid. Sulphobenzoic acid. Sul pin vinic acid. 

u 

Beuzenesul phonic acid may bo represented, according to Ktk^lC,* 
as derived from tho two types of hydrogen and water, 



i i 

1 Ann. Chim. Diyx., 1850 (,5V, 55, 400. 
a Annaim , 1857, 104, IL’I). ,, 

3 Following a suggestion of, Williamson, the symbols for oxygon, carbon, 
sulphur were barred in Kekuk ’s formulae to i ndicato that the combining weights ’ 
were double those of the equivalent notation. &** ' 
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Oxamic acid may, in the same way,l?e referred to a mixed water and 
ammonia typo: * 


< 


N 


O 


• II 

/n 

II 


N 





Kekule’s Theory of Atomicity. > KekuIo at once saw, as ’William-, 
son liajl previously done (p. 47), that such a fusion of i^pes to a 
coiidensed or jpiixed type c:lu only occur whore a polylmsic or 
polyatomic radical is present in (lie placo ..f two or three atoms of 
hydrogen. "Using the dashes of Odlin^ to indicate atomicity and 
the double atoms, which Williamson had revived to distinguish 
CJerhardt’s atomic weights (0— 12, O — t(>) from Clmelin's equivalents 
1 (C = = (», O — M), Kekuld defines tho radicals as follows: 

‘A manatomic, radical can, thewefore, never liolJl together two 
molecules of tho types.’ " 

‘A diatomic radical can unite two molecules of tho types,’o. g. 


«O a ,Cl a 


II 

"O , 

so , 0 

IL U 




11 , 

n.: 


h No 


Tliionyl chloride. Sulphuric ncul. 


Urea. 


or, can replace two hydrogen atoms of the typo, o. g. 

* * #»- UO I 

.80^,0 , II } N 

Sulphuric anhydride. •Cyanic acid. 

a 

‘A triufonne radical cf.n unite in the same way throe molecules of 
♦ho types,’ o. g. 

€,Tr,,ci 3 

Ti icIilorhydrin. 


1>(p 1 o 

riiosj)lii)i i»; ai-id. 


Glycerine. 


or it can also replace three atoms of hydrogen in two molecules t>f 
water, e. g. ^ 


• 


rou 0 

ii \ 

McLnphosphorid an id. 


Perhaps tlio most important part of this romnrkahle and suggestive 
memoir is tho roferen < *e to tho basicity, i.e# valencj of the individual 
elements. 


it. x 
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Growth of the Theory of Valency. As the who !6 foundation of 
modern structural chemistry may he said to rest upon the theory 
of valency, it is necessary Lo trace carefully the line of thought which 
culminated in its development. 

It is just possible that had' no previous literature existed on the 
subject, this property of the elements would have disclosed itself to 
Kekulo’s penetrating intellect. It is none the less tiue that ‘the 
merit of having been the first to'offor a clear exposition of the subject 
belongs *o Frankland. 

In studying the - organo-metallic compounds, to which leference 
has been made (p. 37), Frankland was struck with lno fact that there 
appears to be a definite saturation capacity for the metals, and that tlio 
number of radicals present affects the number of inorganic elements 
which attach themselves to the metal in a symmetrical fashion. It 
was this fact which led him to oppose Kellie’s view that the radicals 
are conjugated with the metal. At the close of this paper 1 Frank¬ 
land expressed himself as follows: ‘When the L-rinulao of inorganic 
chemical compounds arc considered, even a superficial observer is 
struck with the general symmetry of their construction; the com¬ 
pounds of nitrogen, phosphorus, antimony, and arsenic especially 
exhibit the tendency of theso elements to form compounds con¬ 
taining three or five equivalents of other elements, and it is in those 
proportions that their afihnties are host satisfied ; thus in the ternal 
group we have NO ; „ NIL, NI ; „ NS ;p PO.„ PIT., r PCI.,, KbO ;i , »bIT ; ., 
SbCl.., AsO ti . Asir ;i , AsPl^&c.; and in the live-atom group NO-, 
NII,0, NII 4 I, PO-, PIT,I, &e, Without offering any hypothesis 
regarding the cause of tliils symmetrical giwuping of atoms, it 
is sufficiently evident, from ’the examples just given, that such 
a tendency or law prevails, and that no matter irhat the character of 
the uniting atoms mag hr, the combining power of the attracting element, 
if I mag he allowed the term, is always setisjied hg tin, same number 
i of these atoms' 1 

Two years later, in his first publication of theoretical importance, 
Note on a'2?cw Series of Organic A rids containing Sulphur , 2 Ivekulo 
lelors to the basicity of the elemenls. Various organic compounds 
of the water type such as .‘tlcoliol, ether, acetic acid, and acetic 
anhydride were lieato 1 with the sulphides of phosphorus and the 
typical oxygen replaced by sulphur, lie shows that tlio now typical 
formulae of Gcrhardt a,re wc.l adapted for expressing those changes. 
If, according to the equivalent notation, phosphorus chloride breaks 


1 Phil. Trans., 1S52, 117. 


* A.inahn, 1854, 00, 309. 
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ii p alcohol into CJIjCl + IIC1, why should not phosphorus sulpliido 
produce two compounds C,II 5 S+IIS instead of their remaining 

united as moreapta^? With Gerhard t*s notafion the ehaflge is 

• • 

C H ) CII-1 » * . 

manifest, • 2 jj | ^ becomes a j S, nut with phosphorus chloride 

• C.II-Cl 

the alcohol divides up thuS, —^xi Cl* ^ owr ^ Ps: * ^ 11 merely 

• • 

a difference of notation, but ft is an actual fact that onolatom of 
water contains two atoms of hydrogen and only one atom of oxygen ; 
and that for ode indivisible atom of oxygen the equivalent of chlorino 
is divisible by tjvo ; whereas dlilphur, liko9>xygen, is dibasic, one atom 
beiifg equivalent to two of chlorine.’ 

In the memoir already referred to (p. 48), On the so-called Confr¬ 
onted Com)minds and the Theory of l'olyatomie Jiadieals Kekulo’s 
views on atomicity take a clearer an<J more definite slihpe. lie says: 
‘The molecules of Chemical compounds aro*fonned by the union of 
atoms. The number of .atoms of other elements which are attached 
to one atom of an element, or (if in the case of compound bodies one 
prefers # .iot to extend the idea»to elements) of a radical, is dependent 
on tho basicity or ailinity of the constituents.’ 

• ‘ The elements fall into llireo main groups: 

‘(1) Monobasic or monatomic, e. g. II, €1, I>r, K; ( 2 ) dibasic or 
diatomic, t» g. O, d * (;>) tribitffic or triatomic, «>. g. N, P, As. Fronj 
these an; derived the chief typos, IIII, (ftL, Nil ,, and the . boundary 
types* 1101, SII 2 , PH;..’ In a footnote on UW he adds that carbon 
is totrabasic or tel rat Am ic. 9 * 

After this defence of Gorhardt’s fortnulae and clear exposition 
of atoipic structure, iUis curious to find Kekulo reverting to tho 
equivalent notation in his very next memoir on tho constitution 
of fulnfJnatin& mercury; but such is the despotic power of lonjj 
established custom. 

• in,discussing tho constitution of fulminating mercury, Kekulo 3 

pointed out its analogy with a series of compounds which might bo 
considered as belonging to the same type,as marsh gas, using the 
word in Dumas’ sense of ono compound being^ related to another by 
substitution. lie succeeded, in faqf, in libciating tho cyanogen 
cyanogen chloride by chlorination, and converting lulminating mer¬ 
cury into chloropicrin. * • 

Methyl chloride, chloroform; chloropicrin, and acetonitrile were 


1 Annalen, 1837 , 104 , 


* Annnhn, 1857 ,, 101 , 200 . 
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grouped with marsh gas, aifd written in the equivalent notation 
thus: f 


e 2 

II c 

la 

II w 

ii 

II 

Maysh gas 

C 2 

• II 

ir. 

II 

• 

Cl 

Methyl chlorido * 

C 2 

11 

Cl 

Cl 

• Cl 

Chloroform 

C 2 

(N0 4 ) 

CI 

Cl 

Cl 

Chloropicrin 

C 3 

II 

ii 

‘11 

(C,N* 

Acotonitrilo 1 

<3* 

(NO.,) 

Hff 

riff 

(C 2 N) 

Fulminating mercury 


Thus rfekulo introduced a new type, that of marsh gas, and with its 
introduction the fixity of Gerhardl’s types was dissolved ; for it now 
became evident that tl e grouping of the elements depended, not on 
the nnturo of the type, lliit upon that of the olenv'ius themselves. 
As typical formulae were not intended to represent tho position of 
thn atoms, it became a matter of choice to which type a compound 
belonged. Thus, methyl ether may bo equally well derived frtflh 
the water or tho marsh g!is lypi: 


H l O 

IIJ U 


CITa 1 o 
CII ;1 | U 


or 


J 


11 ) 
II ! 

Hi 

II ) 


u 


Mi) 

ii 1 

11 i 
ii ) 


n ) 

ii 


•_ /i 

I o 


c 


it 

ii 

ii 


) 


c 


, Methylamino in the same way may Tie referred lb ammonia, marsh 
gas, or Tiydrogen: *' \ , 


11] 

cii. 

TT 1 

IL 

\ N II 

N ‘II 

11 

[ Hi 

>* ll 



11 


C 


Nil..! 

il! 

Hi 


c 


III CI 1,1 
II) NII.J 


Quadri valence of Carbon. Early in 1858 Kovule's celebrated 
( paper appeared in Liebig’s Annalcn on*The Constitution and Meta¬ 
morphoses of Chemical Commands, and on the Chemical Nature of 
Carbon, in which are embodied his views on* tho valeilcy qf cajh*n 
and tho linking of carbon atoms . 1 Shortly afterwards an equally 
“remarkable memoir on the samo subject by A. S. Coupon* was 
published independently in llio'Attmtfcs under tho titlo. of A new 
Chemical Theory. 1 ’ 1 V 

Eeknld’s Theoiy. Kekido has told, in a very graphic way, how 
these new ideas arose.* It was during his stay in London. 

‘ One fine summer evening I was' returning by tho last omnibus 

1 A minim, 185S, 100, l‘J9; OsfwnM’s KI viler, No. 115. 

* Avn. Mini. 1‘liys., 1858 53, 40^. 
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“ outside ” as usual, tlirougli tlio deserted streets of the metropolis, 
which are at oilier times so full of ltfe. I fell into a reverie, and lo! 
the atoms were gambolling beforo my oygs! Whenever, hitherto, 
these diminutive) beings had appeared’to nio # tliey1iad ajways b8en in 
motion ; tyit up to that time I had never been able to discern the 
nature of their motion, Now, however, I saw how, frequently, two 
smaller atoms united to form a pair ; lipw a larger ono embraced two 
smaller ones; how still larger ones kept hold of three or oven four 
of tfie smaller ; whilst the whole kept whirling in a giddy tfance. 
I saw lunv the larger ones formed a chain, dragging the smaller ones 
after them, bijt «only at the ends of the chain. ... This was the 
origin of the Stnichirthcoric." % • 

‘If wo consider,’ writes Kekuld in fiis memoir, ‘the simplest 
compounds of carbon, CII 4 , CII a Cl, CC1,, ClICl a , COCl.„ CO.„ CS 2 , 
it is very striking that tho amount of carbon which chemists 
recognize as the atom, that is, tho smallest part, always unites with 
four atoms of a monatomic or two df a diatomic element, that gene¬ 
rally tho sum of the chemical units which are bound to an atom of 
carbon is equal lo four. This loads to the view that carbon is telr- 
alomie.* 

‘ For substances which contain several atcyns of carbon, one must 

supposo that a portion of tho $loms at liyist is held by tho attraction 

of tlv? carbon, and that tho carbon atom s^them selves aro united to 

one another,.wliorol'y naturally a part of tho attraction of the ono jp 

yeutialfet?d by an equal attraction on the part of the other.* 

‘Tlio simplest and consequently most probable case of such a 

union of two carbon atoms is that ono unit of affinity of ono carbon 

atom is bound to one of the other. Cff theso 2x4 units of allinity 

of tht? two carbon ato*ms, two will bo used to unito the*two carbon 

atoms, and sii will remain over to attach tho other elements. In 
• * % 

other words the group C 2 is luwatomic. . . m 
‘If moip than two carbon atoms «nite in tho same way, tho 
basfbity of tlfo carbon group will be increased by two units fa*- each 
additional carbon atom. Thus tho number of hydrogen atoms which 
may he combined with n carbon atoms is expressed by 
• n (4.- 2) + 2 = 2 n + 2.* 

. Up to this point wo have assumed that all tho atoms attachyig 
themselves to carbon are held by tli?> aflinity 6f the carbon. 1^ is 
equally concoivalile, however, that in thecaSe of polyatomic elements 
(O, N, Ac.) only a part of the # alTinity—fq r example, only one of tho 
1 Hite Kekitle Mcinoiiul L line, by F. lb Japp, TtSus. Chcm'tioc., 1803, C3, 07. 
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two unite of affinity of the oxygen, or only one of tile three units of 
the nitrogen—is attached to carbon ; so that one of the two units of 
affinity of tlio oxygen and two of the three units of affinity of the 
nitrogen remain over and may ho united with other elements. 
These other elements are therefore only in indirect union with the 
carbon, a fact which is indicated by the typical mode of writing the 
formulae.’ J 

Kckulo does not recognize only this one kind of attachment of the 
, carbons. lie points out that another kind of combination may occur 
involving a closer union of the carbon atoms, an idea winch was 
expanded seven years later (18G5) in liis theory of the benzol)o ring. 


Couper’s Theory. Coujjor 1 arrived ,at similar conclusions from 
a different starting-point. Ilis paper, which is characterized*'by 
remarkable perspicuity and breadth of view, has perhaps scarcely 
received the full recognition which it merits. Coupcr begins by. 
rejecting the type theory of Gerhardt as artificial and un philosophical, 
and lays stress on the fact that the properties of compounds must in 
the end depend on tlio nature of their atoms. Gerhnrdt’s system is 
like referring a language to certain types of words, from which all 
others are formed, instead of to tlio individual letters. The atoms, 
ho considers, are held together by virtue of two properties, elective 
affinity or chemical atllniiy and deyrea of affinity, which corresponds 
exactly to our word valency. 

In* regard to carbon (1) it unites witU an even number of hydrogen 
atoms, and (2) it unites with itself. The maximum number of atoms 
with which it can combine is four. The following are some of the 
formulae proposed by Couper-which, apart from the presence of the 
double atom of oxygen, bear a complete resemblance to thoso in 
modern use (0 — 12; O = <S): 


‘Hr 11 

c {o- on 

C {lfll 
| 112 j | 

CII :I 

. CU a 

C1I 3 ■ H,,0 

Ethyl ivlcohol. 

Acetic acid. 

Etrliyl ether. 



O Oil 

<>•; 

H 

o on 

O OH 
II 

O- Oil 
0 2 


Tartaric acid. 


1 Nature , 1909, p. 3LJ. 
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The two papfers by Kekule and C^uper aro tlie foundations upon 
( which the niodom structural formylae of organic compounds rest. 
It must not be supposed that tho typical form nine wore at once dis¬ 
carded ^n favour ofc the modern nidation. Ofi the contrary, the 
typical notation was in general use fyr many years after the above 
meinoiijp had appeared, and was even retained in Kekule's textbook 
of .organic pliemislry which was published as late as 1SGG. It is 
evident' from tho facts recorded in yio next chapter having reference 
to the basicity of lactic acid, that the true significance of Kekulo’s 
and Cooper's views had not then (l8G-“3) taken root. * 


Modern Structural Formulae. It is in fact difficult to assign 
any particular date to tho introduction o£ the modern structural nola- 
tioti. Its adoption was tho result of a gradual and almost imper¬ 
ceptible development. Frank land made a d istinct advance by deriving 
•■his compounds from the marsh gas or its condensed type, and break¬ 
ing up tho rest of tho moloculo attached to tho typhral carbon atoms 
into tcrvalent groups thus: » 


(?. 

\ U * ( 

In c. 


in 

on 

(oh 

* ( 


O 

on 

o 

on 


Alcohol. Acetic acid. 9 Oxalic acid. 

Although there is evidence that the principle of carbon linkages, like 
that suggested ¥ by Coupcr fJ was fully recognized before its victual 
adoption;- 1 ii was not until 18GG thyt tho first appearance of <,ho 
•modern system of notation occurs in two papers by Erlenmeyer, 8 
followed in 18G7 luj a clear exposition of tho subject by Fmnkland. 8 

r fhe necessity for the replacement V>f rational by structural formulae 
became more and more emphasized with tho growth of tho subject, 
,aml especially with the extension of fho views on isonVrism which 
demanded a. more delicate and perfect language for its expression. 

k * 

RkFKKKNCI'.S. 

• * 

- VtsSjry of Clfsmistnj, by A, Ladcnhurg, trails, hy L. Dobbin. Clay, h'dinhnrgh, 
11 ) 05 . ' • 

History of Chemistry, hy H. von Mej or, trans. l>y (}. M'Cowan. Macmillan. 
London, 1898. 


I Use ji/iri Dmlnpmnnt of Organic Chemishy, hy ,C. Sclmrlcinincr, edited bj* 
Ai’Sniitliella. Macmillan, London, I.SDI. 

Treatise on Chemishy, VoJ. Ill, Pt. i, Inlr< duction, hy Iioseoo and KchorlonJinor. 
Macmillan, London, 1881. r 

Chemical Society Memorial Lectures, 1898-1900. CJArnoy & Jackson, London. 

* 

1 Kokiilu’s Lthrbuch th r organ. Chnn., vol. i,«»p|>. 101 and 174. 

3 Annakn , 1800, 137. 351; 130, 1111. % 3 Annulin, 1807, M2, 1. 



CHAPTER II 

TIIE VALENCY OP CARBON 

L * 

The parly history of valency lias been described in the introduc¬ 
tory chapter (p. 50). Whilst its later development, especially in 
connection with organic chemistry, has been attended by results of 
tho highest theoretical and practical value, the subject as a whole 
has mado little advance., This is due to the apparently variable 
character of the property in every dement including carbon, and is 
plainly indicated by tho number of more or loss unsatisfactory 
attempts to find a comprehensive generalisation. 

Tho term valency is applied to the saturation capacity of one element 

for other elements, and must not be confused with the strength of tho 

attachment or chemical affinity; it is in fact noteworthy that the 

' • 

lowest valoncy is found among those ..t'lements jii the JLwo end 
groups of the peiiodic system ?,vhich exhibit tho greatest dimity, or, 
as Ilinrichsen 1 puts it, ‘ the energy content of an atom is the greater 
tho smaller its active valency.’ u 

The various speculations on the relation existing between valoncy 
and affinity and the origin of tho phenomena will be discussed 
presently. 

As hydrogen is one of the elements of lowest combining capacity 
which rarely unites with more than one atom of a se ond element, it 
might servo as a useful standard for determining .tho valency of the 
other elements; but tho small number of hydrides which it forms, 
especially with the metallic elements, rather restricts its application. 
The halogens which might bo einployed in placo of hydrogen cannot 
always be relied on, as ihoy do not possess a constant valency and 
form compounds such as lI a R,, KL, and a whole series of oxides. 
Another method which might be employed is to divide the atomic 
weight by the equivalent oi the element as determined by electrolysis 


1 An; alen, 1904, 360, 1C8. 
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or by the composition of Iho oxide. According to Faraday's law the 
same quantity of electricity passed through an electrolyte liberates 
equivalent weights of the different elem< nts, o»\ in other \yords, 
equivalent weights of different elements convey the same quantity of 
electricity. But in this case it is found that a metal in different 
states of combination, such sis iron in ferrous and ferric salts, exhibits 
different valencies, the first liberating 2»S and the second parts 
of iron compared with one of hydroge l. The use of the oxide presents 
difficulties of another kind, for the equivalent in the case t^f I*b..() 4 
would gwe a valency valuo for load determined by the fraction 
207/77-G. 

Returning to the first method, how are we to interpret the valency 
of njfrogeu in tire two compounds, ammonia NIT. and azoimide N.1I? 
Ilero a very simple explanation sutlicos. In both compounds the 
nitrogen is torvalent, but in the second the nitrogen atoms are linked 


al¬ 


together in the form of a univalent group : 

N \ 

II >- 

N'/ 


This formulates the mutual attaclmicn l of similar multivalent atoms 
and introduces an entirely new conception into the idea of valency. 
It was a fundamental part of Ivckule’s and Couper’s theory of tho 
structure of carbon compounds, ami has become so interwoven with 
the idea of yaleucv that its inl-vinsic novelty is apt to bo overlooked. 
All-important as the conception has turn d out. in its applicition to 
tli 3 compounds of carbon, which stands almost alone as an element 
of definite valency, \t has afforded the widest interpretation in 
determining the structure of the cumpeunds of most of the other 
elements. , t 

Thus? in the case of alumina, AL<)„ wo may formulate a structure 
in wliiqU two atoms of m?ial or of oxygen, or the throe atoms of 
oxygen, or, again, m alternate atom of aluminium and oxygen aro 
directly attached, so that any arrangement nviy bo devised to suittho 
desired valency of the atoms under consideration. In short, whilst 
the linking of atoms has afforded a linn foundation for building up 
the structure of compounds with element's of delinilo valency, its 
employment in other cases' has generally served to increase Iho 
nunrocr of possible formulae. ' p 


Valency, a Variable Quantity. Influenced by the success which 
attended the application to carbon of the pr'm iple of linkages, Kekuld 
was led to infer that valvncy was a dclinitu and unalterable quantity 
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bound up with each atom. Th£ variable valency of certain elements, 

especially of the nitrogen and luflogen groups of the periodic system, 

subsequently led t -0 the /complete abandonment of this view. It 

was impossible, for example, to reconcile the structure of NrII 4 Cl as 

consisting of NIL* in molecular attachment to IIC1 with Meyer and 

Locco's observation that diothylinethylamino+ methyl iodide gave 

the same product as dimctlr.ylethylami>,io + ethyl iodide and also 

with,the existence of the numerous optically active ammonium 

1 compounds (Part II, p. o04). 1 

If, with Kolbe, we regard each element as possessing a maximum 

valency, a view which has been widely adopted, the question arises 

as to how this maximum vj’lue may be ascertained, for it is a curious 

fact that in the periodic table the oxygen value rises from grouptl to 

group VJI, whilst the hydrogen value rises to group IV and then falls 

again. If we adopt the valency of the highest oxide we are con* 

fronted with thu uncertain value for oxygen, which sometimes appears 

to function as a quadrivalent atom. On the other hand, the, atomic 

weight being known, tho periodic classification or the atomic number 

(see p. 97, footnote) affords at times a valuable guide. 

Abogg and Bodlander 1 regard each atom as possessing the same 

total number of valencies*’ namely eight, which are distributed 

between positive and iflogalive, the positive diminishing from 7 to ^ 

in the iirst seven groups of the periodic system and tho negative 

increasing in the same order. Of these two Uiiqls the .positive* or 

negativcvpredominates in eadh atom and is termed the normal valency, 

whilst the subordinate kind is called a contravalcnci/. In the middle 

or fourth group, which includes carbon, neither predominates, and 

this is supposed to explain d he stability of carbon in its uuion with 

both electropositive and electronegative elements, as in methane and 

carbon tetrailuoride. The distribution of normal and contra-valencies 

in tho seven groups is as follows: < 

normal -I | i 2 t 15 -o-2-l 

• ±4 ’ # * 

contra -7-0-5 + 5 0 -t 7 


The weak point of the scheme is the existence of tho seven •contra* 
valencies among tho alkali metals, for which at present theyo appears 
tf> be no evidence. * 5 

•According to Clayton, 2 tliis’dec lease in the valency of an clement 
for hydrogen in the more electronegative groups cannot be due to 


1 ifeil. auorg.'Chrm., ISO 9, 20, 153 ; 1901, 30, 330. 

2 Tran's. Client. Hoc., 1910, 100, 1010. 
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decrease of affinity, and must therefore have relation to some other 
factor which increases by a constant quantity from gioup to group. 
If this is so, the difference should bo capable of being detected by 
reference to the actual hydroxyl derivatives of these elements or their 
dehydrated forms. 

Thus* taking the series containing four hydrogen atoms having the 
maximum valency of th<;ir fully hydrated forms, the elements in 
groups V to VIII will be represented as follows: 


Group. 

HydrAted form 

Dehydrated ibrm 
e. a. 


V. 

EII 4 ()Tl 

- 11,0 

Ell, 

NH, 


Vr. 

HlI 4 (OH .. 
- 211,0 ' 
Eli, 

OII a 


VII. 

-3JI..O 

Ell 

cm 


VIII. 

Eii 4 <mr\ 

—111.0 

No liydrid 


Clayton distinguishes between the primary valency which reaches 
a maximum of 4 and a secondary valoncy which is determined by the 
1 -number of hydroxyl groups. I f one each of the primary and secondary 
valencies unite or neutralize one another, the effective valency will 
be lowered by two. For example, if the secolulary valoncy in group V, 
which binds the hydroxyl, unites with one of tho primary valencies 
which attaches the hydrogen, the total valency will be lowered by two 
and Nil. will result. In grmp VI, IT.,0, and in group VII, C11I 
will be formed, whilst the elements in'group VIII do not combine 
j with hydrogen. 

Clayton indicates tho primary and seciV.idary valencies by a con¬ 
tinuous and a dot Lid line respectively, which, when unattached, are 
represented as forming a loop. 

Ammonium hydroxide and ammonia and methyl ether and its 
additive compound With hydrogen ch'lorido are represented by the 
following formulae: 

II 011 II Cl II O 

1/ I \/ ITjC-b-CII, 

II—JN—II II—NC CII 3 -0 CII, () 

I ' I o 

,11 «■ . II 


Tervalent Carbon. Although the valency of carbon has offerfed 
fewer anomalies than that of any other element in the interpretation 
of the structure of its numerous compounds, there exists one example, 
namely, triphenylinethyl C(C,jTI-) a in which there is reason to believe 
that carbon, at least in solution, is tervalent. There is intrinsically 
nothing novel or surprising in the existence of a combined atom with 
•one unused valency, for nitrogen in niti'ie oxide, NO, must possess 
a free 1 ’valency whether oxygen is bi- or quadrivalent. It may be 
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pointed o«fc that in both comj ounds the unsaluraLd elemorit is 
attached to an eleclroncgativo group or atom. Triphenylinothyl 
contain^ the strongly electro negative group (C f ,H 5 )j united to carbon, 
whereas in nitric oxide the nitrogen is linkeu to electronegative 
oxygen. Such compounds as CL ;; , Nil;,, or NH t in which tl#J carbon 
and nitrogen are combined with electropositive elements arc unknown. 
These and similar facts have led-Michael 1 * tq draw the conolusiou that 
union pith negative atoms can produce self-saturation, but not if 
the combination includes positive ones. The tendency for carbon 
and nitrogen to polyineriso (that is, for similar atoms to unite) is 
promoted by union with 1, 2, or 6 atoms of hydrogen, Thus CII, 
CH„ and CII.. appear, not ashfree entities, but as acetylene, ethylene, 
and ethane, and NIL as hydrazine. > 

Werner,® who views valency as a quantity which may bo differently 
distributed according to the nature of the atoms or groups involved (see, 
p. 85), considers that the phenyl groups in triplienylmethyl saturate 
moro of the carbon ailinity than, say, hydrogen atoms, leaving less 
ntlinity for further union. The compound is, in short, more saturated 
than methyl. 


Triplienylmethyl . 3 In 1COO Gomberg, 4 in attempting to prepare 
hexapheuylethane (C.JI-^C. C(C 0 lI-) tl by the action of finely divided 
silver on triphenylinothyl, cnloride (bromide or iodide) in benzene 
solutiqp, obtained a colourless, cry stall in.* compound paving the com¬ 
position v v f the required hydrocarbon, but possessing very unusual 
properties. Though colourless in the solid form, it dissolves inmost 
organic solvents with a distinct orange yellow col yur. It is apparently 
unsaturated, for it combines greedily with free oxygen to form a per¬ 
oxide (Cj-II-^CO. CO(C,,II 5 ) ; j, with the lialogeps to lbriu triphenyl- 
methyl halide, with hydrogen,in presence of liuely divided platinum, to 
form triphenyl methane, with nitric oxide and nitrogen dioxide to form 
the nilroso compound with the first, and a mixture wl' nitro compound 

and nitrous ester with the second/' 

* * 


(c 0 ii,) ;i c.no, 

IS itroso 

triplienylmethyl. 


(C u II,),C.N() a , 

Jiilro 

triphonyhnetliyl. 


(CJI,),C. ONO 

Triplienylmethyl 

nitrite. 


1 J. jtrahf. ('hem., 1801), 00, 203. 

- Ktuerc Aiischaiiunyrn uuf dan Gcbiole ilr anuiytuuMlu-n Chcmic , p. TO. 

3 For a more detailed account of the .subject (lie following should bo eon- 
a tilted : (Join berg, J. Avicr. Chan. Hoc., 1011, ?‘J, 1111, and Vas TryihaujlmcUojl hy r 
J. Schmid tin, Chnnie in KinrclUuiMllang, vol. vi, Duke, Stuttgart, 1011. 

* Jier., i.)00, .03, 3150. 

8 Schlcnk and Muir, Her., 1011, 44,11G0. 
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It also forms In additive compoundVvith quinone, 1 


CAT 


/ 




ocic c iy, 

oc^c,w.3 3 


ci 


Moreover, it unites 'with a variety of organic solvents, paraffins, 
©Tofinos, add aromatic hydrocarbons, ethers, aldehydes, ketones, esters, 
at*d nitriles, and with carbon distil ph id e and chloroform, iy all of 
which two molecules of triphenjflmethyl are combine^ wilh oifo 
molecule of the organic solvent in the form of well-defined crystalline 
substances, WlAcli are, however, easily dissociated on heating. It also 
enters interreact ions with* phenol,- prfcnary and secotuhuy amiui'S, 
pfionylhydrazine 3 and diazomethane.* Dissolved in ether out of con¬ 
tact wilh oxygen it combines with metallic sodium/* The sodium 
compound NuC(0,;II-,) ; . reacts normally wilh alkyl halides, forming 
alkyltriphonylmolhanes, and undergoes condensation with ketonns 
and »sters very much after the manner«of the Urignard reagent** 
(p. 20S). 

Since (lomberg first obtained tripbenylmelhyha largo number of simi¬ 
lar impounds containing a variety of arvl radicals have been prepared, 
and they all possess the same strikin**charaeterislics. Thoy combino 
readily with free oxygen, and though frith few exceptions colour¬ 
less in tho solid slate, yield a variety oYColoured solutions when dis¬ 
solved. 7 * The difficulty enofunlored in determining the true structure 
of thopg bubstances arises from the laft that whereas soi^o ’of tlfese 
coni pounds, such as trihiphenylnietliyl (C ri ir- 1 C li lI. l ) ;i C prepared hy 
Scldenk and his i*o-workers, s are ^ftnimolecular in solution (deter¬ 
mined by tho ciyoscopic method), tethers, for oxamplo, triphenyl- 
ni(st f hyl, stro mainly* himolecular." It would, therefor^, appear that 
in addition fo the solid, colourless compound tliore are two coloured 
substances, a hi- and unimolocular compound existing in tho dissolved 
state. But Scllmidlin has shown that in a solution of triphdfiyl- 
igftltyl, the colourless and yellow modification exist side l>y side,"* 
forming an equilibrium mixturo which varies with tho solvent and 
the temperature. For the freshly dissolved substance, which is at«first 

; t * 

# 7 Schinidliii, />«-., 1910, 43/1298. - Schinidliii, /At., 1912, 45, 3180. 

Kchlcnk and Ilornhiirdfc, ller., I911v44, 1175. „ 

4 Schlenk and Ituriihiirdl, Aniinhn, 191'.’, 304, 183.# 

s Schlenk ami Marcus, Her., 1911, 47. 10(51. 

8 Schlcnk and Ochs, /Ar., 191(5, 40. 008. 

7 Schmidlin. Jin., 1912, 45, 3f7l, 3183. 

8 Sclilcnk, NVeickel, and ilorzcnstcin, Aifiiahn, 19l<,», 372, 1 ; Schenk and 

lh'ifnig, Anmtrn, ltd2, 304. ISO. 8 

a (lomhorg, /At., 1901, 37,2019. 10 Jkr., 11)08, 41, 2171. 
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colourless, becomes quickly yellAw. On shaking the solution in con- 
t:ict with air it loses its colour owing to the formation of the insoluble 
peroxide, when the yellow eblom*-rapidly reappears as a fresh quantity 
of the colourless compound passes into the coloured modiiicatfon. It 
therefore follows tlrtit the colourless and coloured compounds undergo 
isomeric change, but that the coloured modifidation is tlio nioro re- 
activo of the two. Schinidlin has further, shown that the coloured 
substanco is in all cases unirnoldcular, and, though tho quantity in 
triphenyl ynethyl is small, there Is sullicient present (5 per cent, in 
benzene, 17 per cent, in naphthalene) to impart a yellow colour to 
tho liquid. ^ * 

What then is the relation between llio colourless himplocular com¬ 
pound and tho coloured uniinolecular compound ? 

The question has been answered by comparing tho properties of 
triplienylmethyl and triphcuylmcthyl chloride. Both substances are* 
colourless in the^crystalline slate,, and triphenylmethyl chloride a'so 
yields colourless solutions; but both dissolve in liquid sulphur di¬ 
oxide with a yellow colour, and both exhibit a fairly high conduc¬ 
tivity. They therefore oiler a closes analogy. It is frequently found 
that isomerisation from a colourless, to a coloured substance is 
accompanied by a change froill a benzenoid to aquinoid structure, ami 
this has been shown to occur in the case of j)-bromotriphcnylmcthyl 
chloride. Though silver ch.bride has no action on the substance when 
dissolved in benzene, in sulphur dioxide* Solution the bromine atom 
is replaced by chlorine, and ’bn evaporating tho solvent colourless 
p-chlorotripheuylmethyl chloride is obtained. 1 The change' is 
readily explained on the assumption of an intent lodiate half-quinoid 
or <initial form first proposed By Kehrmann for tho coloured salts of 
triphenylmethyl 2 <■ 


(C,TI.0jC^ \.Br 


v / ,5r 

(C 0 II,) 3 e:< X K 

'Cl 


Cl . 

The quinoid lialogens thus become labile, and an interchange of the 
chlorine of the silver chloride for bromine occurs, which on removal 
of the solvent passes inti jp-chlorotriphenylmethyl chloride. 


(C„II,),C: < 


\/ C1 ‘ 


\^/V 


Cl 


( c u ii,) 3 c/' ' \ui 


Cl 


1 OombeVg, 1909, 42, -IOC. 

* Her., 1901, 34, SS15; s>co also, Colour and Structure, this volume, Part II. 
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Again, by simply dissolving p-bi’odbtriphenyl methyl chloride in 
, sulphur dioxide and removing the*solvent a mixture* of j>-bromo- 
triphonylchloride and p-chlorotriphenj/lbnftnide i* produced : 


(G C II 


V 

.Cl* 


\Br 

S • 


(W 


\./®r 

•V ./\ci 


|(C (! II,),C5ClC, ; lI 4 Br 

llColI-^CBrCoIT^l 


In this way triphenylmethyl chloride in isumerising to the yellow 
modification j v^hck into the quiuol l'onn,*iul at the same time under¬ 
goes ionization into a basic ion, 

/-\ 11 

(C,n,UJ:< > x 

s., \ 

Qiiiiiocarbouium ion. • 


to which Gomhorg'lias given the name quinocarhonium, and an acid 
ion. The coloured salts are termed quinocarhoiiiuin salts. 

The*existence of hydroxy Inphony learl|iuol in a yellow and eoloiir- 
Joss modification, melting respectively at 1*10-110° and 157 150°, 
which are interconvertible (acids and the^tion of light produco the 
quinnid, wjiilst alkqlis prom*^o the henzenoid form), points t«» the 

same explanation. 1 # 

• • 


/C., 11,0 n 


(C (1 1I,),C< • 

x OII 


on 


^ (C,.fl,),c : / \ 

• \ —-' on 


* Ib-n/ciioid * 
w. p. 157-lilt 


Ouiiioiil • 
in. p. iyy 110. 


What, llieti, is lly> nature* of tho yellow ionized compound present 
Jn the sulphur dioxide solution of triphenylmethyl ? By analogy it 
should Consist ot\tho basic quinocarbonium ion and an acid ion, which 
may bo the torvalent radical, 


(C«II,) 3 C: 


^ -"v 


+ 0 ( 0 , 11 ,), 


On the assumption that dilution does not change the equilibrium be¬ 
tween two dynamic isomers, tfhereas ionization is known to do So, 

• * 

1 Goniberg, J.^Amcr. Chem Soc., 1913, 35, 1035, 
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Pit-card 1 determined the effect of dilution on tho (intensity of the 
colour of lrf|dionylmethyl, and showed that it does not follow Beer’s 
law, 2 but that tho Colour is intensified ; in view of recent observations 
on the effect of solvents on tho equilibria of dynamic "isomers, 3 
Piccard’s conclusion that ionization occurs cannot 1 be sustained. 
Nevertheless, the observation is of interest. • 

The existence of the corresponding unionized compound of the 
formula, 1 


(CJI,),C: 


/-“N/ 


H 

C(C (i TI,) ;J 


A 


Jacobson's formula. 


which was first suggested by Jacobson, is supported! by observations 
of (joinberg and Cone . 4 Following the same lino of reasoning which 
determined thp quinol formula for the coloured modification of the 
unimolecular compound, these observers prepared p-bromotriphuiyl- 
motliyl chloride, which, acted upon by molecular silver, removed not 
only two atoms of chlorine giving the triaryl compound, but also one 
atom of bromine. This could only occur if the nuclear bromine 
atom became attached, as in tho former case, to the quinoid nucleus 
(indicated by an asterisjk). 


Mi | X 

Cl 




>Br 


(c (1 ir,)xv, 


/■ 


Br 


,»+ 


\. 


-/^(CJI,)./yi 4 Br 


41 

Moreover, Jacobson’s fonnuju explains in a simple way tho action of 
acids on triphenyl methyl,'’ which yields a compound first obtained by 
Ullmau and Borsuin . 0 


I / — 

ic i; ir,)X:/ 




11 




C((V.H,);i 


(c (i ii,)xn^ ;)c ( (yi, }j 


The only other compoi.nd whos-jp structure has yet to bo considered 


.* Amialcn, 1011, 381, 31. 

■ J According In Uar'a-Lnio tho int'/.isity of colour in a solution is proportional 
to its concentration. 

3 Hantzseh, /tor., 1010, <L‘.V, 3019 ; 11)11, 44, 1773; K. II. Moyer, Annalcn , 1911, 

3 p 0 1 w. 

* lier, *1900, 39, 3171 ; 1907. 40. 18S0. 

3 < iomoerg, lit r„ 1902, 35. 391S; 1903, 30. 370. 

6 ikr., 1902, 35, 2877; Jacobson, Jkr., 1903, 38, 19C. 
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is the colourless bimolecular modification which exists in the 
•free state and in solution in equilibrium with the coloured mono- 
molecular compound.^ It seems probable tfiafc it Neither hexaplfenyl- 
ethaue oT an aggregate of two molecules of.tlie tervalent radical. 

• The synthesis of hoxaphenylethane would have settled the question, 
but so faf all attempts to prepare it have failed. On the other hand 
botli tetra- anti pentaplienyltfthane have been obtained by Gomberg and 
Con% who describe thorn as stable substances exhibiting, at least at 
ordinary temperatures, no tendoncy £o absorb oxygen, or otherwise 
to behave as unsaturated compounds. 

In conclusion, it would seem that ovory property of the triaryl- 
methyl compounds may be explained by tlif existenco of four modifica¬ 
tions which in solution are in equilibrium. This equilibrium is re¬ 
presented by Gomberg 1 as follows: 


(C 0 H,),C 


(cyi,) a c 

• u 

cx 


/ • 


II 


(C c II,),C-C(C 0 II r ,)3 

‘ ti n 

./—\/ n 




C(0 ( ;II,) 3 


Whether or not hexaphenylethftne exists^ or the coloured unimolo- 
cular compound possesses the quinol structure, it is abundantly proved 
that tfie bimolcculnr compound*readily dissociates in solution, b’*eak- # 
ing up in^q'two molocules of the triaryl methyl compound in' which 
carbon is tervalent. 

Schlenk 2 has also observed that the compound obtained by the 
action of sodium on aromatic ketones life the formula (Ar) 2 C. ONa 
and not the double fomiula (see p. 247), and the compound, for¬ 
merly regarded yis ditolano hexacliloride, appears from recent deter¬ 
minations also to have half the molecular weight, and is therefore^ 
tolano trichloride £ 0 H 5 CC1 2 . CC1C 6 II 5 . S % I5oth compounds therefore 
doiitayi V?r valent parboil. . 

Wieland, 4 it may be added, has found that tctraphenyl hydrazine 
breaks up on heating into diphenyl nitrjdo (C 0 II.-,) 2 N containing 
bivalent nitrogen. • 


Bivalent Carbon. There aro a niiVibor of compounds in wliicji 
there is reason to believe that bivalent carbon is present. Among 


1 Bcr., 1913, 40, 228. 
i 1911, 44. 1132; 1913, 46, 2840. 

° Lob., Bcr., 1903, 30, 3Qp3. * Annalcv, 1911, 081, 200. 
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these are carbon monoxide, CO; fulminic acid, C:NOIl; and, according 
to Nef, the alkyl and acyl isocyanides, RN: C, and acetylene and its, 
halogen derivatives. Although it is possible to interpret the structure 
of all thesq compounds, except the last, as containing mutually Saturated 
valencies by making oxygen quadrivalent or nitrogen "quinquevalent, -• 
there are chemical as well as stereochemical considerations wllich make 
such a supposition improbable. If we ae # ept the usual stereochemical 
arrangement of the carbon bonds, it is difficult to conceive of Iihese 
four linkages being brought simultaneously into action with any 
other single atom. The chemical properties of most of these com¬ 
pounds point in the so mo direction. 

Structure of the Isocyanides. Supposing the inability ef bi¬ 
valent carbon in carbon monoxide to form additive compounds (except 
with chlorine and caustic soda) to be due to tho presence of electro¬ 
negative oxygen, then tho replacement of oxygen by a more electro¬ 
positive group might restore its additive power. Such was VeFs 
reasoning. 1 Ho selected for his inquiry alkyl and acyl isocyanidos 
R. N: G and found that his anticipations were correct. Tho alkyl and 
acyl isocyanides form the following sprios of additive compounds: 

1. With the halogens (C 1 , Br, I) combination takes place vigorously 
at low temperatures. Tne reaction, according to Eel', proceeds in. 
steps. The halogen me 1 joule X 2 unites lirst by virtuo of its residual , 
valency and then separates into its constituent .atoms. 

/X v x 

RN: C< + X: X —* RN:C< || -► RN: C< 

||. X X \X 

»• 

That the halogens actually take up these positions is proved by tho 
fact that pinion with amines yields guanidines. 

2. With acid chlorides (acetyl, benzoyl, carbonyl, and chloroformic 
ester) the following are formed, in vdiich the halogen may bo 
replaced by hydroxyl: 

RN: CC1 , 

/Cl * /Cl \ - /Cl 

,RN:C< ,RN:C< , CO, RN:C< 

x COCII 3 x COC,II 5 / x COOC 2 II 6 

RN: CC1 

3. The isocyanidcs unite wj|h free oxygen, reduco metallic oxides, 
*«nd combine directly with sulphur to form earbimides and thiocar- 
bimides: 

RNj C: 0, RN: C: S 

• j 

1 J. Amor, Chem. So c., 1904, 20, 1549; Anncden, 1892, 270, 2G7; 1894, 230, 291. 
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4. They combine with aminos II'-NIIR ami hydroxylamino 

JI—NIIOII: ‘ * 

Al . • A9 

RN: C<* , IlNiC( 

\NH R • * \NJJOII * 

5. Tliojfccombine with .alcohols, morcaptans, and hydrogen sulphide: 


RN: C< 

• X>C 2 H S 


• Al * 

RN: C< • 

X SC 2 II, 


y lA 

RN: (.< 

\SFI * 


G. With phenyl magnesium bromide a compound oi' the formula, 

yO,II s 

RN > C< . 

\MgBi* 

is formed. 

7. In absenco of water the halogen acids produce additivo com- 
pounds which by analogy are represented as f dlows: 


(rN:C<^IIC1 


Moreover, like other unsaturatod compounds they polymerise; thus 
phenylieocyanhle rapidly changes to a resinous mass. Hydrolysis, 
on the other hand, produces the fonnamid^RlJj II .C1IO, from which 
it*appears that carbon in the isocj^inido had jS^rcc available bonds ; but 
the ex^ct mechanism of the addition process is unknown, and it.is 
quite conceivable ftuil the elemonts of Winter first attach them 1 ’ 'Acs . 
to # the B carbon atom and that this is followed by tho migration of 
hydrogen to nitrogen. , 

Al « 

RN : C\ RNIJ.CIIO 

Nef further pqjnts out that many of the above reactions aro rovorsible 
and the kocynuide and its addendum may dissociate at an appropriate 
temperature in tho tame manner as ammonium chloride. 

*Thqjfc «seeftis no reason, therefore, to doubt tho existence of bi¬ 
valent carbon in alkyl and acyl isocyanides. 


Structure of the Metallic Cyanides. *Tho metallic cyanides 
probably flbssess a similar stMicture. Like the alkyl and acyl iso- 
cyanicles, alkaline cyanic(ps readily u» jto with oxygen. Potassium 
cyanide forms potassium cyanato on oxidatiop and probably unites 
with chlorine to form I\NCCL. Like the alkyl isocyanidos tho, 
alkaline cyanides form double salts with tin?heavy metallic cyanides, 
whereas the few double salts of the alkyl cyanides are much less 

• f? 5 
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stable. 1 A significant fact i^ the existence of sodium ferrofulminnte 
Na 4 Fe(ON : G% + 18ILO, which has been proved to contain bivalent 
carbon, so that sodium* ferrocyanide by analogy should be written 
Na 4 Fc(N: C),;• “ Anotlrey fact discovered by Nof also poihts in the 
same direction. Potassium cyanide and ethyl hypochlorite give 
ethyl cyanimido carbonate, the formation 1 of which can only be 
satisfactorily explained by adopting the*,isocyanide structure. \ 

nr 1 it 

KN£ -> KNc/ 2 3 -*-> KNC.OCJIg 
\C1 kcn | 

C1C: NK 

'* . 00 , 11 , 

-> HNC< “ ' -4 KOII + KC1 

n. 2 o \CN y 


The behaviour of silver, mercury, and certain other metallic cyanides 
of tho heavy metals differs from that of the alkaline cyanides. They 
are not oxidised by pennanginato and yield isocyanides with tho 
alkyl halides, whereas the alkaline cyanides yield eyanates in the first 
case and mainly cyanides in the second. On. tho other hand, the 
acyl halides, such as acetyl chloride, give cyanides and not iso- 
cyanides with silver cyanide. The last fact disposes of the view that 
the two classes of met a] lc cyanides are differently constituted, tho 
alkaline cyanides being* normal and the silver and mercury cc/m- 
ppuuds having an ‘iso 4 * structure. How aro these observations to* 
Ix^'conciled V Kef considers that both classes Of metallic cyanides 
have the iso structure and that the difference in beliavLuir lies in 

• t 

the electrochemical character of tho metal. Whilst the alkaline 
cyanides react with tho alkyl halides by direct addition to give tho 
alkyl cyanide thus: J 

* T? 


KNC -l RI -> KNC< 


\l * 

silver cyanide reacts by direct substitution : 

AgNC + RI - RNO -i Agl / 


NCR+XI 


There seems to be also some evidence that potassium cyanide forms’ 
additive compounds,with alkyl iodides. 

Wade" in a subsequent investigation, whilst, accepting‘Net’s views 
'as to the structure of the,(metallic cyanides, has given a rather 
'different interpretation to tho interaction of silver cyanide with tho 
alkyl halide, which he represents as follows : 


1 Hofmann anil linear* /f t# -, 11)07, 40, 177-2 ; Kamlirrg. />>,„ 1007, 40, 2")78. 
* Annahn, 1.894, 280,1)35. a Trans. Chew, doc., 1902, bl, 1003. 
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® iwr* V 


AgNC f HI 


AgNC 

/\* 

R I 


KNO+AgI 


Thus, while addition - to tlio alkaline cyaftido with Its strongly 
electropositive Aietal takes place at tin? carbon atoiu, in the case of 
silver cyanide with the weaker electropositive metal it occurs at the 
nitrogen atom* It must b^ admitted .that neither proof appears 
very conclusive. • 

Sidgwick 1 has made tlio ingenious* suggestion that in cases 
addition tl> carbon takes place, and that the additivo compound may 
exist in two stcreoisomeric forms: 

RCI • 


«RCI 


MN NM M - Metal 

I. 11. 

Formula 11, corresponding to tlio synaldoximes, represen in the additivo 
compound of the alkaline cyanide alul yields, by removal of the 
metallic iodide, the alkyl cyanide as formulated by Nef. The lirst 
formula (I), which 'represents tlie additivo compound with silver 
cyanide, undergoes the Beckmann conversion, and by interchange of 
metal uTid alkyl group, followed by the detachment of tlio mutallic 
iodide, yields tlio isocyanide. 1 • 

RCI *MC1 C 

. II — - II “> II 

MN RN , RN 

But there is no proof whatever of any such reaction. 


The Structure of Hydrogen Cyanidh. Tlio study of the structure 
of hydrogen cyanide, which, like the nitriles and isocyanides, may 
exist in *two different foVms, lias produced evideiico of such a con¬ 
flicting character that it stems at present purposeless to oiler more 
than a Ifriof outline of the*arguments for and against tho one or. 
other structure until the subject has ad win cod a stage. It is clear 
that i») purely cluyniciil mol hod will suflice to sellle the question, 

. for reasons already given in the chapter on isomeric change (Part II,, 
p. old). Tho following facts have been advanced in favour of the 
nitrile stricture. Hydrogen cyanide undergoes hydrolysis by alkalis 
which are without action,on alkyl isocyanides, whereas acids which 
act slowly on hydrogen tyanide decompose isorySinides with great 
rapidity. Again, tho alkyl isocyanides, like thcfalkali cyanides, which 
may he assumed to ho iso compounds, dissolve silver cyanide, whilst' 

• • 

1 1‘ruu. Chain. Hue., 1 ( J05, 21, 120. 
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nitriles and hydrogen cyanido do not. Wlion hydrogen cyanide is 

heated it polymerises; but there is no evidenco that it undergoes 
isonceric chango ; Siitriles, on 4ho other hand, yield isocyanides. The 
polymerido * obtained from hydrogen cyanide forms glycosino on 
hydrolysis and is' therefore aminomalonitrile, NII 2 .Ctl(CN) 2 , indicate 
ing thereby that the nitrile rather than the ifcocyan ido has flndergone 
polymerisation. 1 There are Hi large number of chemidhl facts which 
point in the same direction, 'such as the preparation of hydrogen 
cyan id* from formamide 2 and formoxime 3 by dehydration, a reaction 
which corresponds to nitrile formation. Its additive compounds with 
metallic chlorides 4 resemble those of the nitrilds and its stability 
towards cthylhypochlorito and chlorifio is in marked^ contrast .to the 
alkyl isocyanides 8 (p. 60). Its union with diuztunethane to'form 
acetonitrile 6 has been discounted as a fact in favour of the nitrile 
structure since the discovery that isocyanide is also formed.’ * 
Many of tlie physical consults also indicate a nitrile structure ; 
its rofractivity, 8 its high dielectric constant and ionising power 
correspond to those of the lower nitriles. 2 Michael and Ilibbert 10 take 
the same view and regard the true hypothetical acid as having tlio 
isocyanide structure, but from the absence of salt formation when 
pure hydrogen cyanide ^s added to trialkylamines (though tho 
cyanides of these substances can Jbo formed in other ways) they 
conclude that tho actua^compound is fonnonitrile. It is true that 
th'^pvirnary and secondary amines du yield unstable salts, but it is 
contended that the union Is accompanied by isomeric' ellipse, a form 
of argument which has an air of special pleading. ' * 

On the other hand Chatlatyay and Wadmofo 11 adopt tho isocyanido 
formula on account of the ease with which hydrogen is exchanged 
for halogpn in hydrogen cyanido and its salt?. , 

C : Nil, C : NOl, C: NKv 

Cyanogen chloride has tho characteristic properties of a* nitrogon 
chloride and consequently the isocyanide formula* for hydrogen 
cyaiiido explains most satisfactorily its whole chemical beliavCour. 
The weak character of the free acid compared with the effect of, 

i 

1 Lescceur anM Kigiiut, t'ompt. rend., 1879, 89, 310. 

2 Hofmann, 'nan's. Chan. Soc., 18(53, 16, 74. 

s Dunstan anil Bossi, Trams, ('hem. Soc. , £898, 73, SCO. 

4 Klein, j ‘nnaleii, 1850f74, 8(5. * 

r ‘ Nof, Annah-n, 1895, 287, 274. 

0 von Perilmnbn, Ber ., 1895, 28, 857. 

7 Pern toner ami Palazzo, Alti If. A vend. Lined, 1907,10, 432. 

8 Briiljl, Zeit.phyAlc. Clean., 1805, 16, 612. 

* Schlumlt, Zei. phydk. Clieni., 1901, 5, 157. 

10 4 nnuleii, 1909, 364, G4. 11 Tturns. Clian. Soc., 1902, 81, 192. 
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tlie cyanogen gfoup in increasing tire acidity of acetic acitl (a fact 
t which has been advanced by Ostwald as indicating an isocyauide 
structure), # t 

Acetic acid, K = 0,0018 
Cyanacetic acid, H = 6-3700 • 


loses ifc? force when a similar comparison is drawn between the 
CGI, grotfip ih chloroform and the same group in trichloracetic acid, 
the former producing a neutral non-electrolyte and the latter a strong 
acid with an affinity constant, K = T20-0. Nef has attributed the 
poisonous character and low boiling-point of hydrogen cyanido to 
the isocyanide Istfucture; but it appears nowjtliat alkyl cyanides as 
well-as cyanogen produce symptoms re&iinbliug hydrogen cyanido 
poisoning. In its ready formation of additive compounds, such as 
HCN. IIC1 and 2IICN. 3HC1, it appeal's to resemble the isocyanides; 
%ut, from their behaviour, it seems that the probablo formulae are: 

j 


.mi 
cic f 
mi 


* ^H 

HCf * IICl 

\nii.ciici 2 


« 


The weight of evidence appears therefore in favour of the nitrile 
structure; but, as stated above, chemical reactions alone are incapable 
of settling the question. 

The Structure of Fulminic Acid. The presonce of bivalent 
carbon in “fulminic *acid has'been demonstrated by Nef. 1 Mercury 
fulminate? wfiich was discovered by Howard in 1800 and has since 
found such an extended application as a detonator, is prepared by the 
action of mercuric nitrate in nitric acid> on ethyl alcohol. The analysis 
corresponds to the molecular formula l?gC 2 N a 0 2 , and it is therefore 
isomeric with mercury cyanato. Passing ovor the earlier researches 
of Kekulo (]> 51), who regarded it as a derivative of nitro- 
acetonitrile, it has been shown that hydrochloric acid breaks it up 
into liydroxylamiAe and formic acid, suggesting the following formula 
* for yio*acid: 

C: NOH 
0: NOII 

'fife single carbon formula*C: NOH or carbyloxime has boon deduced 
from its synthesis. Nef obtained it by the actior, of mercuric chloride 
oil sodium nitromethano, which probably reacts by forming a mercuric 
salt of nitromethano and tlien,loses the elements of water. 

1 Annalen, 1894, 280, 275*303. 
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HjjC : NOlig - C: lohg 1 H,0 hg'*= H* 

• || * 2 

q 

Moreover, .mercury fulminate when acted 6n by nitrous acid is 
converted into methyl nitrolicucid, (NO^)HC: NOII. Seeiqg that both ( 
nitromethane and methyl nitrolic acid contain only one carbon atom, 
there is strong proof of the prosence of a single carbon atom in 
fulminic acid. The formation, of methyl nitrolic acid from a ful¬ 
minate and nitrous acid as well as of formylchloride oxime, by the 
action o*n the sodium salt of the former with hydrochloric acid, and 
the existence of an additive compound of liydrqgep chloride and 
silver fulminate, all pi'int to the presence of bivalent carbon. 


/II /H '' /II 

HON : C< IION : C< AgON: C< 

\NO, Vi! V 


'2 'Cl # 

Additive compounds with hydrogen sulphide and sulphate are also 
known and are readily prepared! 

IION: C\ 

M)SOJI 

4 i 

The structure of formylchloride oxime is further determined by its 
decomposition, on standiim, into hydroxylamine hydrochloride and 
carbon monoxide, and briTts conversion with aniline into phenyl 
isourctin, the structure of which has Wen fully established. 


/H 

IION: C< 

\SII 


L. 

IIO.NHC^ 


II 


'NCJI, 


It may also be addod that silver nitrite converts formyl chloride 
quantitatively into silver fulminate. 0 


# 


II 


IION: c/ +2AgNO a = AgON : CH-AgCl I- 2IIN0 3 . 


Cl 


In addition to Nefs synthesis, already mentioned, fill mi* iic fc acid - 
has boon obtained bjf Wieland 1 from methyl nitrolic acid and similar 
Compounds, the formation of which is easily accounted for in-each 
case by adopting Nofs formula. Scholl 2 found that in presence of 
benzene and a mixture of anhydrous and hydrated aluminium chloride, 
m'ercury fulminate may be comjflrled into bonzaldoxime. The reaction 
is ‘most simply explained in the following way. Thu hydrated alu« 


* Ahrens* Vovfriige, 1909, 14, 885. 

■ Her., 1899 , 32 . 3192 ; 1903 , 30 , 10 , 322 , 648 . 
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minium chloride liberates liydrogonVhloride from the fulininic acid 
and unites with it to form formylcliloride oxime, which then combines 
with benzene. * 

yll r M 

IION: C< + C c II c = IION ? <5( + IIC1 

* " X C1 X CJi 5 

Finally, the molecular weight of the sodium salt has boon ascer¬ 
tained Uy the eryoscopic iiietliod, whilst tho molecular conductivity 
shows that the acid is monobasic, and both point to tho acid possessing 
the unimolecular formula, C: NOII. All that remains is lo briefly 
indicate tho formation of fulininic acid from alcohol, which probably 
passes through t\ie following series of change**: 

CIJ 3 \ CII 2 OII CII :i CIIO4 HON: OH? CHOIION:CH. (!OOII 

IION: C(NO«). COOII -» IION: CII(N0 2 ) -* 1ION:0 
f Tlic acid then unites with mercury to form mercury fulminate. 

Structure of Acetylene Compounds. Nef 1 fount? that if dibrom- 
ethylene, C 2 lLBr 2 , is actod upon with aqueous-alcoholic soda it yields 
a gas, bromacelylene, 0 2 IIHr. This substance is exceedingly reactive; 
it combines vigorously with oxygon, phosphoresces, gives the ozone 
reaction, smells like liydrogoA cyanide, and is poisonous. The alkyl 
and acyl derivatives of acetylene, on tie other hand, have a sweet 
' smell and other properties in marked eoi) rust to tho above broinino 
compound. Dibromaeetyleno, C 2 Bi* 2 , is obtained by the action of 
alcoholic potash*in 'the cold on tribromethylono. It smells li.ko an 
isoepanide, and is both very poisonous and spontaneously inflam¬ 
mable. Moreover, it combines directly with sodium etlioxido and 
phcnoxidotoforin dibromoplienyl- andetliyl-vinyl el hors, C 3 Br 2 I I. OK, 
and with hydriodic acid to form dibronibiodethylene, C 3 IIBr 2 I. The 
fact that all’three confounds-give dibromacetic acid or its ester on 
oxidation, taken in conjunction with the unstable character of dibrom- 
acetyl&no, its poisonous properties and striking similarity in smell 
to the isocyanides, led Nef to regard both mono- and dibromaeetyleno 
as derivatives of acetylideno, CII 2 : C<(, CJIBr: C<(, CBi\,:C<$. For 
s : nilar reasons, and also becauso diiodacetylene breaks lip on oxida¬ 
tion - into totraiodethyleno and carbon monoxide, tho former is 
regarded as diiodacetylidene. 

* * * 2CI 2 : C + 0 2 = 2CO I CL : CI a 

The metallic compounds are foi initiated in a similar fasluon, 
CaC:C(, Ag 2 C: C(,&c., and acetylene itself is - represented as possessing 
the acetylideno structure. * 

1 Annakn, 1897, 208, 332; 1899/308, 325. 
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/ . . 

Although exception may be taken to Nofs views ok the structure 

of the acetylene compounds, thetoxistence of bivalent carbon in the 
other groups, which have been,discussed, seems to be firmly estab¬ 
lished. The «question wkether the unsaturated'valcncies should bo 
represented' as mutually saturating one another, or free, <*r, as Nef 
supposes, an equilibrium mixture of both, the free being the reactive, 
and the combined tho inactive form, doe^not seem to possess much 
real significance. i 

* RR.C^ . ^ RR.C< 

Inactive. Reactive. 

The Nature of Unsi turated Groups. By an unsaturated group, 
as distinguished from an finsaturated atom, we wjsh to imply Jtlie 
union of two atoms whoso affinities are not saturated. When the 
union lies between carbon and carbon wo obtain tho unsaturated 
hydrocarbons and their derivatives. It is clear that in a caso of thi^ 
character, as, for example, in ethylene and acetylene, we may india.ito 
unsaturation in several ways. Adopting Werner's view that baloney 
may distribute itself unequally over the atom, a larger amount will 
bo available for uniting unsaturated than for saturated carbon, or 
unsaturation may be indicated by the finion of bivalent or tew alont 
carbon atoms, leaving a certain amount of affinity free, or, again, tho 
unsaturated valencies mayjfle represented by the method adopted by* 
Nof in bivalent carbon compounds, as saturating one another.. In 
tho last case we obtain what are known as double* or 1 * treble* bonds or 

• 1 I 

linkages. Although the double and treble bond is very generally 
accepted, it may be well to state briefly the evidence upon which it 
rests. We will then proceed to discuss tho theory of free valencies, 
i, o. the union of bivalent and tervalont carbon, and finally Werner’s 
theory in its application to unsaturated- compounds. * • 

Theory of the Double Bond. In the first place, there is nothing 
intrinsically improbable in the notion of a force of attraction being 
concentrated at definite points on the atom or having* a *%!mito * 
direction, which ma/ be symbolized by bonds. The view, indeed, 
receives substantial support from the theory of tho valency electron, 
which is discussed later (p. 96)*- This theory represents valency as 
residing in one or more electrons which occupy a definito position in 
or ’near the surface qf tho positively charged atom and send out lines 
of force which either terminate on other atoms and so bind them or 
curve back on the atom from which they proceed. 

But there are other grounds upon w^iich the theory of tho double- 
bond rests. All unsaturated compounds unite with an even number 
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of univalent atoms or groups; in other words, the saturation of one 

unsaturated carbon atom necessitates that* of the other/ and moreover 
the unsaturated carbon atoms invariably adjoin *bne another., There 
is an obvious connection of a special ^kind between the two un¬ 
saturated carbon atoms, for which the device of the double bond is 
made tb serve. 

. If etjhyleftie and ethane?,differed merely in tho number of hydrogen 
at&ms attached to the two carbon atoms, we should expect the heats 
of combustion and formation and other physical constants' to bo 
determined solely by the presence or absenco of hydrogen ; but we 
know that tins is not the case. The physical constants for unsaturatod 
compounds are fully discussed in a subsequent chapter (Part II, 
cliap. i), but it may be stated hero that tho difference between 
saturated and unsaturated carbon is clearly brought out in the 
values for molecular solution-volume, refmctivity, magnetic rotation, 
apd heat of combustion. For example, the heats Of combustion of 
etlianf, ethylene, and hydrogen given by Thomsen are : 

C 2 II,. 370-41 mol.-grin.-cals. 

C 2 1T 4 333-35 „ 

r lf 2 G8-3G „ 

If the valuo for ethylene were that .if ethane less two atoms of 
hydrogen, it would be 370-44* — G8-3G -« 302-08, whereas much more 
he^t is evolved. The conclusion is that unsaturatod carbon atoms 
are more easily seVered than the saturated atoms, and loss energy is 
consequently absorbed in the process of cleavage. 

Unsaturated carbon possesses therefore a higher energy content or 
the carbon atoms are at a higher’ chemical potential than when 
saturated. But cvidenco of a moro convincing kind is derived from 
stereochemical considerations. 

Evidence of Stereochemistry. The principles of stereochemistry, 
enunciated by Van’t Iloff (Part II, chap, iii), are bused upon the 
relation ‘subsisting between optical activity and the presence of 
asymmetric carbon in saturated compounds, and again on well- 
marked physical and chemical differences among the so-called 
geometrical isomers of the olefine series. This theory rests upon 
the assumption of a^ definite position and direction of tho valency 
attachments. But it* offers something more than an explanation of 
these forms of isomerism, important though they are. * 

We must be careful to recognize clearly that the method of indi¬ 
cating unsaturation by a double bond Is jiot taken to imply a firmer 
connection between the unsaturated carbon atoms any more than an 
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f * v j 

force of affinity, the thoory of stereochemistry in its relation to stereo¬ 
isomers and ring formation would liavo to bo modified, if not relin¬ 
quished. ^ , * 

1 * 

The Thepry of Free Valencies. The theory of freo valencies, 
which # was at one time adopted by Fittig to explain the isomerism of 
maleic and^fumaric acid, has been recently revived by Ilinrichsen, 1 
frlio considers that the nuturo of unsdturation of ethylono compounds 
iif no way differs from that of compounds containing bivalent*carbon 
(p. 65^ They form additive compounds with the san.’j class of 
reagents and under similar conditions, and therefore, if substances 
like carbon monoxide, the isocyanidos, fulmjnic acid, and triphenyl- 
rqethyl contain free valencies, there is no reason why ethylene should 
be denied this attribute. 

It is true that the non-existence of isomeric clhylones and propy¬ 
lenes is not vory easily accounted for, 

• cn a -on, on, 

• I * I I 

—cn 2 . cii 3 - cii ell., >c 

9 — cit 3 >cii —cit 2 — cii 2 in, 

Ktliyloni-M. l’n>pyl«-m*s. 

but the absence of tho radical CIT ;1 iAn ‘ichsen regards as no moro 
remarkable than tliat of 1*1I 2 or NkAs the electrochemical 
character of elements becomes moro emphasized in their- lower 
valency combinations without having-recourse to multiple linkages 
’ (e.g. chlorine in 1IC1 is more tdectrouegativo than iu CIO.,), so tho 
electronegative cha. actor of unsati.v.<,ted carbon is accentuated in 
acetylene, in which liydrogon is replaceable by metals, and inultiplo 
linkage may be equally dispensed with. 

Stereoisomerism, which might present a difficulty, is explained by 
adopting Kuoovenagel s view - of tho constitution of carbon com¬ 
pounds in which carbon and attached atoms or groups iu saturated 
compounds occupy the faces of the tetrahodron ami not the points, 
whilst in ethylene compounds tho two totrahedra are pivoted on an 
edge and oscillato backwards and forwards, addition taking place on 
opposite faces at the extreme of an oscillation on one side or tho, 
other. ■' In opposition to this view it is contended that if a compara¬ 
tively stable compound like ethylene possesses free valoncics, th?re is 
no reason why, for example, an Komoric propylene CII 2 . CIT 2 : OII 2 
should not exist. 1 1 

Now although the balance'of evidence would appear to favour’ the 

' 1 Annulen, 1901 , 330 , 223 . 2 Annalon , 1900 , 311 , 194 . 
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existence of double bonds in unsaturated compound!, nevertheless 
certain recent observations have «been recorded which seem capable 
of no # other simple* interpretation than the assumption of free 
valencies. * • * 

The facts'are briefly as follows: in 1905 Thorpe anti Rpgerson 1 
obtained two osters having ontiroly distinct properties, to which the 
following formulae were assigned : 

RQ a C. C(CN). C = CII. CO a R* RO a C. CH(CN). C = C. CO a R. 

.11 * i I 

CII 3 CII 3 CII a CII 3 * 

The two esters on hydrolysis yielded one and the same of/J-dimetliyl- 
glutaconic acid, that is, the tavo groupings are identical. 


a P 7 
—CII - C = CII— 

I I 

R R 


a 


0 


—II a C -c = c- 


I 

R 


I 

R 


Identity was also fom\d to exist in the following pairs: a- aftd 
y-methylglutaconic acids and the a-methyl-y-etliyl and cf-ethyl- 
y-metliyl-glutaconic acids. In other words, the at and y positions are 
identical, no doubt for the samo reason that determines the equality 
of the two meta positions in the benzene ring and the idontfty of 
compounds described under mrtual tautomerism (Part II, p. 327). 

Two explanations might ho given of the cause of this identity in 
the ou and y positions: a dynamical oqp, based on tlie assumption 
tlwt tflo free hydrogen atom oscillates between the a and y positions 
with recurrent change of linkage, or a statical one, in wlifcli atho* 
atomic arrangement is fixed tud symmetrica^ a condition which 
would involvo the concoptiop of five valencies of tlio end carbon 
atoms or, what amounts to the same thing, # lhe prescjicc of two 
tervalent carbon atoms. 

The two views may be expressed thus: 


>C.C.C< 

II 


>C-CH- 


-«< 

I 


■ 

In 1909 Feist 2 prepared a second and labilo a-motliylglutaconic 
acul which at first sight points to the existence of cis- and trans¬ 
isomerism and was so regarded''by its discoverer, and jjhe fact 
appeared to be confirmed by tho preparation of other of- anrl ./?- 
moqpalkyl, of/3- and ay-dialkyl-, and Qf/?y-trialkyl-glutaconic acids in 
isomeric forms. 3 Wero .this a case of geometrical isomerism, it 
would dispense at once with both the foregoing explanations. 


Trans, them. Soc., 87,*1669, 1085. 


Thofpe and Thole, Trans. Chcm. Soc., 1911, 89, 2187, 


8 Anmtlen, 1909, 370„41. 
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The inadequacy of the stereoisomeric explanation has been placed 
in a very clear light by Thorpe and "his collaborators. vt-Alkylgluta- 
conic acid may be taken as a typical case. It is converted on treatment 
with acetyl chloride* into an anhydride, which acts as.* a monobasic 
acid. It fornls well-crystallised alkali salts from .vhicli acids liberate 
the original anhydride; it yields an acetyl derivative, and with 
phosphorus chloride, hydroxyl is replaced by chlorine. 

When hydrolysed with strong potassium hydroxide solution or by 
dilute alkali carbonate in presence of casein 1 the auliydrijlo passes 
into the?salt of the labile acid, which is rapidly converted by boiling 
with hydrochloric acid into the stable acid. 

The process of formation* and acid properties of tho anliydrido 
poftit unmistakably to ono of tho following formulae: 

>,.CR—CO /CR: 0(011) 

IlCf ">0 IIC< >0 

X5II:C(0II) XJII.CO* 

r. ' n. 

• i 

that is,'the free hydrogen atom of the three-carbon system passes to 
tho oxygon, forming a hydroxyl group. Of tho two, the first formula 
is preferred owing to tho absence of pyruvic acid among the products 
of oxidation, which the second might be expected to yield. Now in 
tho conversion of tho alkali salt of the jhyjroxy-anhydride into tho 
salt of the labile acid and tho latter int. the stable acid, tho follow¬ 
ing changes will, according to Thorpe, occur: 

x>CR — Ca ) XR. C0011 —G R . COOiI 

IlCf >0 HCf -> \\£.( 

X3II: 0(011) * \CII a . COOII >CH.COOII 

Ilyilroxy-uiiliyilritlp. Labile acid. Stable arid. 

The different alkylglulaconic acids examined appear to behave 
much in the same way, and differ mainly in the stability of tho 
hydroxy-anhydride and the labile forms of the acids which are 
greatly influenced by tho position of tho alkyl group. Glutacoi ic 
» acid ifjiolf though it gives a liydroxy-nnhydrido, forms no labile 
isomer. But what evidence is there for tho existence of two 
structural rather than of two geometrical isomers ? 

The ovidenco is briefly us follows: 2 glutaconic ester and its alkyl 
derivatives containing a mobile hydrogen atom, when treated with 
soa'ium etlioxide, givo yellow sodium othoxido compounds. Wlien 

1 Casein in small quantity nets as an ‘anticatr lyst’. After treatment with 
dilute alkali the acid is converted into tho silver salt from which ILS liberates 
tho labile acid. With strong potash tho dipot issiuin salt of tho labile acid is 
formed. 

* Tiiorp* and Bland, Trans. Chem. Soc., 1912, 101, 871. 
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the sodium compound is decomposed by water tl>e first product 
according to % l'liorpo must be th® ester of the labile acid, a portion of , 
widely according l^tlio vary instability of tlic acid, would pass into 
the stable ester. 


—RC.CO.OJL; 

iir 2 


RC. C0 2 C 2 II 5 

II • 

CII 


-Oil. C( ),C,II. 5 ClL. C0 2 CJI 5 . 

Stable chtcr. ^ Labilo ester. 

ltC. CO,C„H 5 

f ii * 


• « 


CII 

I 

CII 


ONa 


00,11. 

Sodiuifi etlioxide compound. 


Tho two esters cannot however bo distinguished, since they are 
both insoluble in alkaline solution. But by introducing two negativo 
groups into the group carrying tho acid hydrogen, tho sftdium 
compound is tlioroby rendered more stablo in aqueous solution and 
can be separated from the formal eslcV produced at tho same time by 

extracting tho latter with ether. 

% 

C 


R. C. COmGJT, 

I \ 

UII 3 — 

I 

C,II 5 0,C. O. CO,CJI 5 C.JT,OCO. C : 0^ 


Stable osier. 


R. C. C0 2 C >II 5 

II * 

CH 

I yONa 

oc,u, 

Sodium ethoxide compound. 


R.C.CO,C 2 II 5 


*r.c..co 2 c.,ii 5 

II • % • 

• CII 


r 


•CII -> 

I /Oil I 

CJT.O.C. C .• C< C,IT,0.,C. CII. C0 2 C 2 IL 

x octji, ‘ ; , 

Labile onol ester. * t Labile koto estor. • „ 


From the sodium confound which is present in the enolic form 
carbon dioxide liberates tlyi labile kefonie compounds. The above 
process has been* carried out in tho manner described with the 
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r * ' • 

carbetlioxy-dorivatives of a-methyl, ethyl, and benzyl-glutaconic 

, esters and in each case a labile estofc was isolated in euol and keto 
forms which underwent conversion into the stablS ester. • 

Tlio discovery of a third isomer of /8-ylieiijfl-a-metliylgIhtaconic acid 
has afforded tile final proof of Thorpe's view. 1 * 

In th^process of synthesizing the ester, two forms wore obtained, 
a liquid and* a solid, corresponding probably to the cis and (runs 
isonger (see Part II, p. 243). WheiP the liquid ester is hydrolysed 
it yields two acids which, according to Thorpe, represent the 
normal °and cis acids, whilst the solid ester only gives one 
product. * • e 

If tjie hydroxy-anhydride, obtained as previously described, is boiled 
witfi water, it is converted into the normal acid : if treated with con¬ 
centrated alkali, it forms a mixture of the normal and cis acids; 
finally, if acted on with dilute alkali in presence of casein, only the 
cis go id is obtained. Again, the trays acid may be converted into 
the cis agid by the action of alkali, whilst tlft» latter passes into the 
hydroxy-anhydride with acetyl chloride. So far no method has been 
devised for converting the cis and normal acid into the* frans modifica¬ 
tion. ^This close connexion between the three compounds is further 
illustrated by tho fact that all three, whe*.\ boiled with mineral acids, 
give tho same isobutenylbenzoqp, CII a . Cj'I : t(0 (i H i )CH a . 


Clhj. C. COj.II 

I • 

c G ii,.cir 

\° | h > 

CII.,^0 -GO lie. CO.,II X 7 CII 3 .C.C0 2 II 

II \ I ' II 

C,jII- .0 / O , Normal acid. 0 U IT- . (J 

T / . i 

. 011:0(011) CII,. C. COJI ^ CO,U.CI[ 2 

IlyAroxy-unhydride. l| 

C^II- *4/ # 

OH,. CO,’ll 


Trans acid. 


Cis acid. 


A very similar series of experiments conducted by Tliorpo and 

r 

• • 

1 Tliorpo and Wood, Trans. Chem. Soc., 1913. 103, 15G9. 
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r 1 , 

Bland’ on nconitic acid has revealed the existence of tstable and labile 
forms of ilifs acid, which the 'authors represent by the following 


formulae: 1 

r # 

011.00,11 

r 

CH.COoH 

II 

CII.C0 3 II 

O.COJI 

I 

—CII.COJI 

1 

CIL.COJI 

1 Stablo. 

Labile. 

Aeonitie acid. 


In this case tho labilo acid is a comparatively stable substance, 
which differs from tl ) normal acid in its melting-point and in its 
behaviour with acetyl chloride. Whereas pure acetyl chloride free 
from phosphorus chloride gives no anhydride with the ordinary acid, 
the labile modification is converted by both the pure and impure 
reagent. No attempt, it seems, has boon made to detennino tho 
nature of the bromine addition products. 

Werner’s Theory of Un saturation. This theory, which is dis¬ 
cussed on p. 1)0 in connection with Werner's theory of valency, repre¬ 
sents the force of affinity as emanating from the centre of a spherical 
atom and distributing itself evenly over the surface. Tho distribu¬ 
tion may. however, change according to the nature of tho attached 
atoms. In methane, where the atoms linked to the central carbon 
atom are the same, tho amount of /aloncy is evenly distributed 
among the four hydrogen atoms. Tn tho case of a substance such as 
ethylene, tho attached carbon atoms command a certain larger share 
of allinily. This larger share of affinity would appear at first 
sight lo have the effect of binding tho unsaturated carbon atoms 
more firmly than the smaller amount demanded by the saturated 
atoms. Tho explanation of this apparent paradox is given on 
p. 8(5. The phenomenon of geometrical‘isomerism as explained by 
Werner's theory has been discussed at length in Part II, p. 258. 
There only remains tho application of tho theory lo ring structures, 
and it must lie confessed that this is its weakest point. Werner’s 
theory ailbrds no satisfactory explanation of the peculiar stability of 
live- and six-atom rings; on the contrary, tho very reverse effect 
would bo anticipated, that is to say, tho carbon atoms when most 
closely in contact and whose affinities would therefore be most 
completely neutralised,, should oiler the greatest stability, and this 
would necessarily exist in the smaller and not tho larger ring 
formations. 

1 Trans. Chan. Hoc.. 1912 , 101 , 1490 . % 
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• _ 
Equivalence*of the Carbon Bonds. An attompt hns boon in ado 
to establish the equal value of tho fdhr carbon valencies*by a method 
which consists in replacing successively tho different. hydrogen jitoms 
of marsh gas by tho same element or gtoup and comparing tho 
products in e£ch case on tho assumption that dtiling interchange of 
constituents no migration occurs. Henry 1 succeeded in converting 
mpthyl iodidu into metliyI»cyanido by.four dilfcront methods, and in 
suclj a manner that a different atcsn of hydrogen in the original 
compound was replaced. • « 

Tho following scheme, which need not be described in dotail, will 
indicate tho nature of tho process: 

CII.I—»CIL,CN 
* "J * 

cii 3 . coon -> cilci . cooii -* 

CIIjjCN . COOII -* Oil,ON 

1 * 

CfL,(COOII), -» CIICl(C001I) a -> CII,C1. COOII -> CTT ;t ON 

i 

CClNa(COOII) a -» CCl(COOir), 

» " CILCICOOII —> C1T.CN 

Equivalence determined in this way -’oca not necessarily imply 
that each of tho residual hydrogen atont* retains its original valuo 
after .Substitution has taken pltfce, that is, keeps its original properties. 

I * 0 t 

In all probability quite the contrary «'s tho caso and, according* 
to tl>e nature of the substituent, the remaining hydrogon atom or 
atoms becomo moro r* less mobile, of, to put it broadly, every now 
substituent changes the character of the^moleeulo. 

Theories of Valenby. Wo will conclude this account of tho 
valency of carbon by a brief summary of tho moro common theories 
of valeifby. * r 

Thp recognition of different degrees of affinity in tho formation of 

0 cb 

compounds of definite) composition runs through tho whole history 
of modern chemistry. It appears in Berzelius’ electrochemical tlieonj 
applied to compounds of the first, second, qnd third order, when, for 
example, # a metal combines with an oxide, a basic with an acid 
oxidf, and, finally, wlieji twfl metallic salts unite to form alums apd 
other double salts (set? p. G), and it is clenrty brought out^in 
the principal and auxiliary valencies of Werner (p. DO), in the 
normal and contra-valencies of Abegg and Bodlandcr (p. o*S), and m 

1 Coinpl. rend., 1887, 104, 1106 ; Zc.it. physik. Chcm., 1S88, 2, 553; 11 nil. jianl. toy, 
Bely., 1906(3), 12,644; 15,333; scoalso E. Fischer and Jiriogcr, By., 1915,48, 1517. 

* a 2 
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the partial and residual valencies of other writers. The designation 
of unit of valency .by a bond hafe, moreover, proved so serviceable in 
organic chemistry as to become an almost indispensable system 
in expressing the structure of compounds. If it is once admitted 
that valency may Vary in strength as well as in number, the way is 
open for the creation of a variety of kinds of linkage. Recent years 
have witnessed the introduction of centnc and zigzag bonds and 
dotte/1 or partial valencies to denote affinities of a special kind. These 
* symbols* it is true, are only used to interpret certain phenomena; 
but they tacitly imply a difference in the nature of the force of 
affinity for which thero appears to be no sufficient justification. 

Tho theories of valency 1 lay for convenience be divided into those 
which aro associated with certain physical properties, thoso which 
servo to explain the character of tho phenomenon, and thoso, mainly 
electrochemical, which attempt to define tho cause. 

Valency and Physical Properties. Mondeleeff and Loth nr Meyer 
showed that valency and physical as well as chemical properties 
were periodic functions of the atomic weight of tho elements. The 
relation of valency to atomic volumo in compounds has been further 
developed by Barlow and Pope, Le Bas and Richards, whilst Traubo 
has attempted to cstablislipits connection with rofractivity. Barlow 
and Pope 1 suppose that each atom occupies a certain space or ‘sphere 
of inlluenco’. These units form aggregates which constitute the 
♦chemical molecule, and in a,.solid the crystal form is determined by 
tho closest possible packing of the aggregate spheres. Tho under¬ 
lying principle of tho theory ii that tho volurc.es of these spheres are 
determined by and proportional to tho fundamental valencies of the 
atoms, an<J may be called tho valency volumes . Thus, atoms of equal 
valency volumo may replaco one another without changing the 
predominant character of tho crystal form, althougn variations in 
the ratio of tho axes may occur. 

A similar theory has been propounded by Le Bas, 2 whp lias shown 
that the molecular volume at the melting-point, of a series of pauiffins 
divided by tho total valency of tho atoms gives a mean value of 2-97. 
This represents tho unit valency volume. Now the difference in 
valency value between each member of the series is 6, tiiat is, tho 
valency value of CIL, and consequently the valency volume is 
6 k 2-97 = 17-82, whereas tho mean difference in molecular volume 
actually observed is 17-86 and is, therefore, in complete accord with 
the theoretical value. The fundamental idea is not new. Similar 

1 Trans, ('hem. fiuc., lftOfi, 80, 1075. 

8 T> .ins. Chon. Hoc.. 11)07. 01. 112 ; s* 3 also Tart II, p. (>. 
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views wore advanced by Kopp from observations on the atomic and 
molecular volumes, and also by Scliroeder, who introduced tlio idea 
of unit atomic vojpme or store. -Traube 1 has also pointed out 
that the atomic rofractivities for the II, t line for C, N. (5. and II is in 
the ratio^of 4:3:2 :1. If tho unit valency valuo is 0-787, then the 
moleculhr refractivity should be this number multiplied by tho 
number, of talencios. Normal pentane with 32 valency units has a 
M^= 25-32, equal to that of valeriC aldehyde M a = 25-31 with tho # 
same number of valency units. * * 

Richards 2 regards the atoms as mutually compressing one another 
either by forct* of attraction or by cohesion, iyid has determined tho 
diminution of volumo which liquids artd solids undergo by com¬ 
pression. On tli’e assumption that in both physical states tho atoms 
are closely packed, lie attributes the amount of tho compression to 
•the diminution of space occupied by the atoms thon^selves, and not 
to Jihat of the intervening spaces* There aro, consequently, two 
forces which determine this compression* namely, cohesion and 
attraction, and he explains in this way the tetrahedral form of tho 
asymmetric carbon atom by tho unequal compression producod by 
the &ur different groups on tile surfaco of the atom. 

Theories of Valency (Werner’s Theory s ). Werner’s theory of 
valency possesses the attribute of simplicity. According to this 
view^ which is based upon,that of Claus, 4 valency is a property 
of attraction .which emanates from the centre of an atom and i«i 
evenly distributed over the surface. The shape of the atom is of no 
moment as it is in •onstaut motioy, but it may bo rogarded as 
spherical. In the union of an atom wjth the maximum number of 
other atoms,. the lathy will distribute themselves so as Jto produce 
llie greatest neutralisation of their reciprocal affinities and tho 
Surface attraction will di # vido itself among tho atoms according to 
their nature. Th$ most stablo arrangement will be that in whieli 
• tho largest. Surface of tho central sphere is covered without over- 
lappfhg. This is taken to explain the difference in maximum valency 
manifested by sulphur and phosphorus in their union with thto 
halogens, tho lighter halogen atoms being present in largest number. 
• SF<. SC1 4 SB r a 

rci, PI, 

It accounts also for tho existence of triphenylmethyl, but not of 

* Her., 1907, 30, 723. . * Trans. Ohnn. AV., 1911, 00, 1201. ■ 

■ 3 Ncuere Anschauungm an/ dam Gcbiete der ami fianUchcn Uremia f by A§ Wcrnor. 
Vioweg, Brunswick, 1909. 

* Ifer., 1881,14, 432. 
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CIIj, for in tho former tho heavier group, like the lreavier halogen, 
appropriates more 'valency. If all the four atoms attached to carbon 
are similar, as in methane, they- will monopolizf an equal amount of 
surface-attraction and arrange themselves in the form of a regular 
tetrahedron. If somo of the atoms are different the distribution of 
affinity will be irregular, and if all four arc different an asynftnetrical 
tetrahedral grouping will rcsuH. '* 

Warner applies his theory to* the union of two carbon atoms in 
the following manner. Tho fulf force of affinity will only be exerted 
at the points of contact of tho two carbon atoms, and at every other 
point on the hemispheres the strength of affinity will be the resultant 
of tho force emanating lib in tho centre and parallel to the. lino 
joining the centres of the two spheres. In Fig. 2 the force of affinity 
at tho point whore the dolled lino meets the circumference of the 



• o 

sphere may be resolved into the two forces a and &, of which only a 
will bo active in binding tho two carbon atoms. 

Tho force gradually falls away as the distance between the surfaces 
increases, thus leaving an amount of freo affinity which has been 
estimated at loss than 0110 -half and moro than one-third of the total 
affinity required for binding tho other atoms. 

The case of unsaturated carbon has already been dealt with (pp. 59, 
C5), and in this casq tho amount of freo affinity is calculated as nearly 
equivalent to that which is bound. By a similar disposition of two 
spheres Werner represents trebly-linked carbon in the acetylene 
series; but as only one other atom is attached to oach sphere the 
amount of affinity left for binding the two carbon atoms is greater 
Hum; that used for cither a singly- or doubly-linked system. It thus 
appears as if moro affinity were employed in joining unsaturated 
carbon atoms than thoso in which (here is a single linkage. To 
explain this apparent paradox Werner draws a distinction between 
stability and reactivity. This reactivity is determined by tho amount 
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of tlio component b, Eig. 2, which is larger in ethylene ami acety¬ 
lene than in ethane derivatives, 1 atid serves to ^ttach*other atoms, 
thus rendering the ^saturated compound more sensitive to chemical 
action. On the basis of this goneral conception Werner has elaborated 
a theory which explains among other things tfloso complex struc¬ 
tures cotninonly known as molecular compounds. As tlio application 
of tlieso t principles is mainly concerned with inorganic compounds 
we Jiave given a brief summary of ttio latter on p. 5)0. 

The idea of a maximum of disposable atlinily whicl% may ho* 
differently distributed according to the nature of the union has 
been utilized bydTlursclieim 2 to explain certain apparent anomalous 
affinity constants among tin! organic ackls and bases. The theory 
has beon embodied in the following proposition: ‘The strength of 
a chemical bond is a function of the disposable amount of chemical 
•ibreo in atoms and also of tlio polar nature of that force'.’ It is 
foipul, for example, that tlio unsaju rated aliphatic‘acids have the 
following values for K: • 



K 



K 

Valerio aoi«l 

0.001155 

1 n. 

IToxoio acid 

0.00110 

aft IVnloic ,, 

0.001 IS 

«(E5 lloxenio 

0.00 ISO 

& y » 

0.00:5*5 

0y 

ft tt 

O-OO'JOL 

7® r> > > 

U-UU200 

yd 

tt It 

000171 



Se 


O-OOliU 


Tt is not obvious why the By acid in Clio above series should bavo 
tlio highest value*or why the second and fourth member iy the 
second sylies'should bo higher than the first and third; hut if tl*o 
distribution of affinity, as determined by electrochemical relations, 
is taken into account, the reason* is plain. Eor according to 
Fliirscheim Iho strength of the acid is determined by its allinity 
constant or ‘the mobility of the hydrogen atom or, in tAhor words, 
by the weakness of its attachment or that of the electron (see p. DO) 
to the* oxygen of the carboxyl group. Tlio doublo bond docs not 
utilize the full niAisuro of two whole valencies of the atoms involved, 
wliiyh •are* consequently able to part with an extra sharo to the 
adjoining atoms! If the distribution is represented by thin ai^d. 
thick lines the formulae will take the following form: 

.a/3 R. CII: CII—C<f • weaker acid 

‘ *. \o-n 

«£» 

y° 

By R. CII: CII—CII.,—Cv stronger acid. 

“ II * , 

1 Her., 1000, 30. ll’TK. , 

2 Trans. Chem. Hue., 11)01), 05. 4 718 ; sou also Mcorwcin, Annahti, 19111, 410, 123. 
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■y8 11 . CII: CII—CIL-CIL*—C< weaker acid 

\ “ M)-IT 

• t ‘ yCJ 

8c R , CII: CII-Cn 2 -CH,-CII 2 -CC sponger acid 

> 0-11 • 

The same idea may servo to explain why the meta-, cliforo-, and 


bromo-benzoic acids have a higher affinfiy constant than the para 
compounds. 

x / 0 

Cl-< >-C< 

-H X ■ - ' « *N)—II 

r 

Cl •* 

K = 00155 K = 0*0093 


LUVI0I 

ci O ( 


Similarly tetraethylammonium hydroxido is a stronger base than 
triethylstannic hydroxide, for tho affinity between the electronegative 
nitrogen and the electropositive- alkyl groups is stronger than that of 
tin. Hence ionisation takes place more readily in tho former case. 


/C,n 5 

N c.Ji 5 


HOH3<-C,ir 3 

\an, 


Tscliitschibabin 1 shares the general ideas of Werner and Flfir- 
schoim, and like them discards tho theory of multiple bonds. Ho 
distinguishes between valency or maximum combining capacity and 
atomicity or actual binding capacity (Bindefiihigkcit), which may be 
anything less than the maxinjum, and being v graduatod cannot have 
a deiinito value nor be indicated by bonds. In unsaturated com¬ 
pounds, such as ethylene, carbon is triatomic, in acetylono and 
carbon mo’noxide it is monatomic. Tho more atoms tlie original 
atom can attach, the moro saturated it is, the various degrees of 
unsaturation depending partly upon tlie degreo of unsaturation 
of the attached atoms, partly on the mass of the attachod radicals, ( 
and partly on the opposite electrochemical character of the two c 
r That the degree of unsaturation varies is shown by tho varying 
value of the heat of combustion of the unsaturated carbon in ethylene 
compounds 2 and their very different affinity for bromine, &c., as 
shown by Bauer (see p. 116). 3 Triatdmic carbon in ethylene by 
beipg joined to triatomic carbon would bfe more saturated than 
methyl; in the same way triatomic carbon is more saturated by being 


1 J. maid. Chcm.f 1912, 80, 381. 

2 Swirntosliiw.sky, 7a it. physik. Chern., 1909, 65, 513. 

» jiauer, J. praht. Chem., 1905, 72, 200. 
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joined to two triatomic groups than to one. In butadiene tlio carbon 
# atoms 2 and 3 are more saturated thftn 1 and 4. ' 

I 1 2 s 4 ' 

CH,—CH CII—C1I, 

In diplienyfbutadiene the atoms 1*4 being attached'to heavier 
radicals lire more saturated than 1 and 4 in butadiene, and so forth. 
On this principle a number of interesting facts are explained, such as 
Tliigle’s rule (see p. 133) and tho existence of triphenyl methyl, the 
stability of which is ascribed to saturation produced by the attach¬ 
ment of the central carbon to three heavy radicals by tho tlirco 

tmtomic carbon atoms of tho benzene nuclei. 

¥ 

The theory also accounts for tho saturated character of benzene, 
since the system -consists of triatomic carbon atoms which produce 
a high degree of mutual saturation. It explains also the unsaturated 
tiature of tctrahydrobouzeno and also tho greater unsaturation of tho 
a compared with the /? and central carbon atoms in naphthalene, 
and consequent greater reactivity of the former, for the two central 
carbon atoms are each joined to three triatomic carbon atoms, whilst 
the (i carbon atoms are joined to two. The a carbon atoms, on tho 
othe^liaiul, are linked to one-.ordinary triatomic carbon and to ono 
central carbon atom, which, boing highly saturated, cannot greatly 
increase the saturation of the of carbon, width is tho least saturated 
of the three. The thoory also serves to explain the rules of substitu¬ 
tion In aromatic .compounds, tuid is referred to on p. 149. 

But it takes little account of stereoisomerism, tho essence of which 
lies in the definite geometrical relations of tho attached atoms or 
groups round the central carbon atom or atoms, for which, if for no 
other purpose, the mechanical device of bonds has proved so.fertile, 
nor of t the nature of ri'.ig structure, which, as already stated, requires 
a delinito disposition of tho carbon valencies. 

Wunderlich, 1 whose vie.vs bear an outward resemblance to those of 
van’t ITotf, represents the carbon atom as a tetrahedron circumscribed 
roui^l A sphere ; but the points of attraction are conceived as con¬ 
centrated at the centres of the four faces, so that a singly linked atom 
will be attached to tho face and not to the corner of a tetrahedron. 
In this way tho stability of the single bond will correspond to its 
geometrical form. 

In unsnturated compounds the carbons aro represented, as in van’t 
Hoff’s arrangement, by the edges of two telrahedra, but in conse¬ 
quence of the points of attraction being situated at the contre of the 
tetrahedral faces, the forces joining the two carbon/itoms acf l (Fig. 3) 

9 

1 Konjiguralion organischer Mdekiile, Wurzburg, l^SC. 
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% \ 

will l)e llio resultant of tlie two jpairs of forces be and bfa, leaving 

a residue of 1 a flinty dc and d x i[, which may correspond to Thiele’s* 
partial valencies (see p. 133). « I 

A similar'viow has befen adopted by Ivnoevenagcl, and has already 
been referred to (p*. 77). * 



Werner’s Theory of Valency 1 (Molecular compounds). As we 
have seen in a previous suction, (p. 82), Werner regards tho valency 
of edch atom as distributing itself according to its spatial arrange¬ 
ments and i ts degree of aflinity towards contiguous atoms. Compounds 
are thus formed of the first order, which do not necessarily exhaust 
tho amount of affinity at # the disposal of the 
atoms in question. This residual valency can 
attach other atoms, and so form compounds of 
the second order. In developing this conception 
Werner has introduced the terms principal and 
auxiliary valencies to denote the above two 
kinds of attachment. The principal valencies 
correspond to our ordinary valencies and bind 
together atoms or groups whoso saturation 
capacity may be measured in terms of hydrogen 
atoms. Such principal valencies are present in 
- Cl, —Na, —NO,* — CII., &c. 

Tjie auxiliary valencies, which .are eXpressod by dotted in place of 
straight lines, represent residual affinities and link together radicals 
which can function as separate molecules. Such, for example, aro : 

-OIL, Nil.,* - C1K, OrCl;., &c. 

TJuf two k % inds of valencies aro differentiated Ivy tlieir energy content, 
tho principal valencies having a greater affinity than the auxiliary. 
The difference is, however, one of degree and determined by tho 
degree of saturation of tho other valencies. Thpre is, in short, no 
dolinitc lino of demarcation between tho two, but theyjnerge- and,* 
under certain conditions, pass into one another, the auxiliary bcco'ming 
principal and the principal auxiliary valencies. 

For example, tho metal and oxygen in the oxides of the alkalis 
and alkaline earths aro united by principal valencies and farm stable 
oxides, but nevertheless combine by their auxiliary valencies With 
water or alcohol, ‘forming well-defined and stable hydrates and 
alcoholates, in which the OH and OR groups aro linked by principal 

valencies. r 

* * 

1 New re Amchuuungcn auj deni Gcbicle der anorganischcn Chemic, by A. Wernor. 
Vioweg, Bruuaw/dk, 1909. 
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/OH 1 

BaO •-l II.,0 BaG IT.,0 -* Ba< '• 

‘ " 4 \ QII 

i 

In the samg way ammonium chlorylo is formed by union of the 
auxiliary Valencies of ammonia and hydrogen chloride. 

• * / IT \ A l \ 

can-- + -nii., chi- vNii., -» ( >n< ci 

\II Ml/ 

* 

The formation of methylammonium iodide is produced in a similar 
fashion. • * 

a 

.* cn 3 r■■•+”-Nir. -> cii 3 i Nir. (Nu.ciyi 

Tlio position of the halogen outside the bracket is intended to 
indicate a difference in its attachment and to show that it is ionised 
in solution, as explained below. 

The sulphides of arsenic, antimony, Ac., cbmbine by their auxiliary 
valencies with alkaline sulphides, forming sulpho-salts of considerable 
stability; and platinum, palladium, and gold chloride form well- 
chavpeterized salts with alkalihochlorides. Somo compounds, indeed, 
increase in stability by saturation of their auxiliary valencies. 
Ferric anhydride is stable in the ferrates ; certain persalts are stable, 
containing oxides which cannot be isolated ; manganese tri- and 
tetra-chlorido ar < not obtainable in the freo state, but readily /oral 
double «klorides and so forth. 

From somo of the aliove examples it will bo seen that the number 
of principal valencies is not a lixed' quantity, but depends on tlio 
nature of the attached atoms. With tlio change in number f k- u »'o is 
a chart go in’strength, and a consequent variation in the strength of 
the valency. Tliero is, liowevor, a maximum number of principal as 
well as of auxiliary valencies. Werner admits that the distinction 
h between the. two kinds is of a somewhat vague and indeterminate 
character, and is maintained ‘because it seoms necessary in tho 
present transitional state of our views on valency to mark out welb ; 
defined areas on which a more comprehensive theory may afterwards 
be erected \ 

Before, however, concluding this account of the nature of principal 
and auxiliary valencies it should ho pointed -out that among tho 
characteristics of radicals united by principal valencies is their power 
of functioning as independent ions, whereas those combined .by 
auxiliary valencies lack this property. The difference may be illus¬ 
trated in the case of copper glycocoll, , 
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OIL - NIL 

I a ** 


CpO. Cu 

in which tlKi copper fo< ms an inner complex salt by means of its 
auxiliary valoncy'so that in solution it does not undergo ionisation,, 
whereas the same metal attached by a principal valency (as in coppor 
acetate) is olectrolytically dissociated. According to "the electronic 
theory the atoms bound by principal valencies are characterized 
by the mobility of their electrons, a feature which is absent in those 
radicals which are attached by auxiliary valencies. Werner*does not, 
however, regard tlio two characteristics of principal valency attach¬ 
ment and electrochemical behaviour us necessarily interwoven, but 
only in so far correlated that the saturation of -the affinity simul¬ 
taneously loosens the electron from the positive atom and so allows 
it to transfer itself to the negative component of the salt. But tlvi 
saturation of A' principal valency is not always sufficient to produce 
this effect, and in many cases the saturation of auxiliary valencies is 
required. 

The element of a group which is separated by ionisation from the 
rest of the molecule is usually denotcfl by placing it outside a bracket. 


Valency Isomerism. The distinction between principal and 
auxiliary valencies has been made the basis of a theory of valency 
isomerism, of which the following may* serve as ?,n illustration. ‘ Two 
(isomeric methyl sulphites have long boon known, both of which aro 
principal valency compounds: 

yOCH, ' /CII 3 

OS< 1 0 

\OOII 3 


a \ocn. 


Recently E. Briner has obtained an isomeric compound in which the 
two parts of the compound aro represented as jinked by auxiliary 
valencies. 


O^S 



Without discussing at greater length Werner’s views, which are 
mainly concerned with the constitution of inorganic compounds, we 
wil^concludo by referring briefly to the more successful application 
of his theory having reference to the structure of tlio metalammine 
compounds. The metal, in these • compounds is represented as 
directly 1 linked to four or more, commonly to six, atoms or groups 
(NII 3 , NO a , XLO, Cl, &c,). This number is called the co-ordinate 
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nunibcr, and is a.fundamental property of the atom. The elements 
# or groups which are directly attached to it, either by principal or 
auxiliary valencies, o|cupy what has J>een termed^the Jirat zone and 
do not undergo ionisation. 


cr 


/ 


Cl 

% 

, NO, 

1 

nii 3 

' . no.,\ | ; 

1 K 

NII 3 

>Co,. 

no.; | : 

Cl 

NO, 


NIT. 


All thoso compounds in which the maximum co-ordinate number 
is reached are called co-ordinately saturated. In most, cases the 
io-ordinate number is 6, but in somo cases, as, for example, that of 
carhnn, the co-ordinate number is equal to lho number of principal 
valencies* namely 4, and this is true of the' other elements in the 
same periodic group. The neighbouring more positive element 
boron and more negative nitrogen, with three principal valencies, 



Flo. 4. 


•have alf|p a .maximum co-ordinate number, 4. and form compounds 
IIF.i.JIF, and X1I...NIT... 

At an early stage in the investigation of these compounds it xva ’ 
discovered that substances of Iho above formulae, as well as many 
others wiuh dissimilar radicals, existed in isomeric forms. In order 
to explain this kind of isomerism Werner had recourse to a space 
formula in which the metai occupied the centre of an octahedron 
and the atoms or groups the six solid angles. By this device, that 
is, by a different space distribution of the six groups, isomerism can 
be readily explained. 

Four of the groups will lie in one plane and the others in a plane 
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at right*angles. The isomerism of the two platinum compounds will 
appear as follows: • 



In addition to this fust zone of non-ionisahle groups, thero exists a 
second or ionisuble zono. Vor example, the following sories of cobalt- 
ammines are known, in which X stands foranacid radical (Cl,N0 2 ,&c.). 

CoX 3 4 3NII;j CoX.-f 4N1I ;| CoX 3 + 5NIT 3 CoX 3 + 6NIIs 

In tlio socond, third, and fourth compounds of this series tho sub¬ 
stances are ionised, and it has boon shown that the number ofdonisablo 
aeid radicals is respectively one, two, and three. This is indicated 

by placing the latter in a second zone outside tlio bracket, thus: 

e • 


r x 3 i 

r x > i 


r x "i 

“ 

Co 

Co ~ 

X 

•Co x., 

C<i(NII 3 ), ; 

L (Niy.J 

L (NIT ;i )j 


L (NII;0,J 

m t m 


The outer zone is not restricted to radicals ; for with an neeiihiulation 
of acid radicals in the inner z«ne, the outer some may ho occupied by 
metallic atoms, forming ionisablo salts. Examples of this typo are 
potSSsiiu.^ chlornplalinate, potassium cobalt iy it rite, and potassium 
ferro- and ferricyanides. 

. rr«a,]K, IC^NOAIK;, [F<KCN)„1K 4 * [JVHCN),1K, 

Potassium Potassium Potassium Potamiuin 

chloroplat mate. cobilttinitrite. furrocynnido. i fcrricyanWe. 

\ 

' *» 

A remarkable discovery of isomerism among this class of sub¬ 
stances has recently been made by Werner, 1 who lias smfteeded in 

i • , 

revolving asymmetric compounds into tbeil- optically active fcom- 
poiuuts. Werner found at an early stage in his researches that 


» Bo\, 1U11, 44, 1837, 2£15, 3182, 3272. 
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Nil. could 1>e substituted by other bases or organic amines, such as 
pyridine and ethylene diamine (NHJCIIg. CII^NIL),»the latter 
taking the place of ^wo molecules of ammonia. r Tho formula for 
ethylene diamino may be abbreviated by using the symbol cn. A 
# compound tof the formula 

f on.," 

Co nh; Cl* 

L C1J 

contains an asymmetric inner zone and may therefore exist in 
enantioniorphous forms. 



The inactive preparation has been resolved by fractional crystallisation 
of the d-broinocamphor sulphonatcs and then converting them into 
brom ides (see Part II, p. ;>() 1). The enantioniorphous bromides showed 
a rotation of |aj--+43°, and similar results woro obtained with 
other derivatives of cobalt, as well os with asymmetric chromium 
compounds. 1 

Wferner's co-ordination thecry is opposed by Friend 2 on the ground 
that the ionized atoms are so vaguely disposed as to have no definite* 
place or definite valency in the compound, whilst the metallic atom 
has a valency (of six iii^tho easo of cobalt) which is contradicted in 
most of its simpler compounds. Furthcmoro, the negative atoms or 
groups diroe 1 ly attached to the metallic atom are suppof'd to lose 
their properly of ionization, a fact which again is contrary to ox- 
perienc' 1 , at least in the (simpler compounds. To overcome these 
ditliculties Friend'lias had recourse to the common valency values *f 
*tlie atoms, «nd regards cobalt and platinum in llio inetalammines as 
being directly united to the negative atoms, whilst the ammonia groups 
float in a ring or shell composed of linked nitrogen or other nolT- 
ionized atoms round the central metallic a'luni. Thus cobalt hexam- 
mine trichloride and coball,cliloropentaniniine dichlorido are repre¬ 
sented thus: , 

1 Rrirnce Proqrcv:, 1010. p. ^.“0. 

2 Trans. Chifn. .SV., 1010, 100, 713. 
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[ Co(NII,). 5 ]C1 ; j rCo(NII ;! ),Cl]Cl 2 


The isomeric a- and /i-ferrocyanides of Brings and tljo a- and ft ferri- 
cyanidos of Locko ani?‘ Edwards, referred to on p. 91, are explained 
l»y sup])osing the central iron atom to lie united in the ortho, inota, 
and para positions to tho nitrogen atoms of the six cyanogen 
groups of the ring. There would thus ho three isomers, hut as the 
ortho compound is assumed to represent the double salts 4 KGN, 
Fe(CN), and ;» KUN, Fe,(CN) i5 , the meta and para arrangement*are 
reserved for the a ami /i-isomers. * 

There are undoubtedly difficulties connected with this theory, and 
Friend’s viows have not passed unchallenged. 1 Tho floating ring is 
not less vague than Werner's ionized groups, the optically Active 
metalnmmine compounds remain unexplained, and tho ring chlorino 
atom in the second of tho above formulae is furnished with the 
unusual valency of throo. . 

* • 

Electrochemical Theories of Valency. The application of elcc- 
trieity to tho explanation of affinity and laRd* of valency originated 
in the first instance in tho process of electrolysis, which gave birth 
to TtTo ^octrocheinical theories of Davy pud Berzelius (p. C). 
Thoso viows havo in recent years taken a more concrete and quanti¬ 
tative form by tho discovery of two correlated phenomona, tho first 
Iv'ing, that tho amount of electricity carried by t,he ion on electro¬ 
lysis is constant for each unit of valency, and tho second, t^atit is. 
precisely this amount which in the form of the celhodo ray is'con- 
Vyed by tho negativo corpuscle or electron. The electron may 
therefore bo regarded as the unit, of negative electricity, the mass of 
which has been estimated at about xy l oo °f that of tho 'hydrogen 
atom. The results of electrolysis led Helmholtz, 2 as far back as 
IS.St, to connect unit electrical charge with unit of valency, a view 
which lie expounded in Ms celebrated Faraday lecture in the follow- 

1 Turner, Trans, dam. Soe.. 1916,103, 1130. 

2 Tram. Chan. Hoc., 1881, 30, 302. 
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ing words : ‘If,wo conclude from the facts that every unit of nlTinity 

is charged with one equivalent either of positive or^egatiVe electricity, 
they can form compounds, being electrically noutral, only if every 
unit charged positively unites under tins intluenco f>f a mighty 
electric 4t rat lion with another unit*charged negatively. You see 
that this ought to produce compounds in which every unit of allinity 
of every atevn is connected with one and only ono other unit of 
another‘atom. This, as you will sec' immediately, is the modern 
chemical theory of quantivalonce, comprising all the saturated com-* 
pounds.* The fact that oven elementary substances with few excep¬ 
tions have mo 1 nodes composed of two atoms makes it probable that 
even in those, cases electric«neulralisatipi is produced by the com¬ 
bination of two atoms, each charged with its full electric equivalent, 
not by neutralisation of every single unit of allinity.’ 

The Electronic Theory of Valency. Sir J. J.Thomson's dis¬ 
covery of the electron and Rutherford’s interpretation of the break up 
of the radioactive elements lias thrown a new light on the structure 
of the atom and many of its chemical and physical properties. From 
observations on the small proportion of a particles which are 
deflected in tlieii passage through matter, Rutherford concludes 
that almost the whole mass of the atom concentrated on a positively 
charged nucleus which is of minute dime nsions compared with that 
occupied by the atom. 1 Thi.-t nucleus, which is also nasoeiated’jvilh 
negatively charged electrons, is further surrounded by outer rings of 



prolmhiy represented by the atomic number,' 1 which, with the excep¬ 
tion of hydrogen, is about half the atomic weight." 

The number of negative electrons which neutralize the excess 
charge of the positive nucleus is, therefore, proportional to the atomic 
weight. On the basis of this conception of the atom and by the uM 
* of tin* quantum principle, llohr 4 has succeeded in accounting for the 
numerous line spectra of both hydrogen and helium. Ilydrogcif) if' 
appears, contains one positive charge and am* detachable electitVn. 
In the disintegration of the radioactive atftm, which is accompanied 

1 SMK Mioj., nil I, 21, 1011, 27, ."-3. tss. . 

* V.m dun J5ri.uk, Sat are* I!»I :J, 03, 373, -ITU. • 

8 Thu atomic number rej.ru-.nnts tlm numurii-.-il order of Ihn r-lnmnnfs as «Teler- 
miiied by the churacleristiu lines of the X-iay *|>uctniin. This sj.eetmm is 
obtained by photographing the X rays niv.-n by tliu demon* when bom ban b d 
hy (ho cathode stiuam in an X-raJr hull., and !♦>.. h.-uu accurately mapped hy 
JIusuluv (Phil. Mm I til 3, 20, 1021. for thirty elements. * 

* Plul. Mmj., Ill 13, 20, 1, \')\ t, 27, 5niJ. . 

H 
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by tho expulsion of a-purticles (helium atoms) or /3-particles (electrons), 
or both, it is probable that the lattmr emanate from the central nucleus, 
which will, therefore, consist of Ijclium atoms and attached electrons. 
Thus, the loss of one u-pafticle means the loss of two positive charges 
or two places in tint'atomic nufnber. * f 


Thomson’s Theory. Thomson describes tho structure ol the 

atom as follows 1 : ‘ Wo find thaWn a symmetrical atom only a limited 

{■ 

'number of such electrons can be«in equilibrium when arranged on a 
single spherical surface concentric with the atom. The actual 
number which can be arranged in this way depends, on the distribu¬ 
tion of positive electricity the inside of the atom. When tho 
number of electrons exceeds this critical number, the electrons break 
up into two or more groups arranged in a series of concentric sholls. 


This leads us to the view that the electrons in an atom are divides! 


up into a series of spherical layers, like the coatings of an onion, 
separated from each othar by iinite distances, the number of such 
layers depending upon the number of electrons in the atom and thus 
upon its atomic weight. The electrons in the outside layer will be 
held in their places less firmly than llio*o in tilt* inner layers ; they are 
more mobile, and will arrange thomselves more easily under the 
forces exerted upon them by other atoms.’ The existence of these 
layers has been proved by sftbjecting the elememts to bombardment 
by ^'itthodo rays. Under this treatme.it each element gives out a 
£pecial kind of Kontgen ray. 2 The speed of the slowest cathode 
particle which could excite these rays is proportional to the atomic 
weight, and the frequency is proportional to llTo square of the atomic 
mu^hor. which is roughly that of the atomic weight. 11 These rays are 
assumed fd arise from similar parts, that is, from tho inuormost ring 
of electrons. 


On the other band tho forces which one atom exerts on another 


vflll depend mainly on the outer belt of tho more mobile electrons. 
Thus, the increase of number in the inner rings rendeVs the outer 
SriiJflr more or less stable: in other words, the outer ring may tend to 
los? 1 or gain electrons, thus converting the atom into ail electro¬ 
positive or electronegative element, and the number of electrons 
which it tends to gain or loso will determine the valency. " If those 
prdjwrties are reemyent alter tho addition of a certain numbdl’ of 
elec Hons, tin* atoms will, exhibit periodic changes in conformity with 


1 The Atomic Theurtj, l»y Sir .1. .1. Tlimns.>n, Clarendon Press, 191-1. 
1 \fliHldiii"tif|], True. Cuuih. Thil». .Sue., 1910. 

* Moseley,^/ 'hd. Mug., 191:5, 20, 102 i. 
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the periodic law.' Thus, the number of mobile electrons in group () 

is nil, that of the alkali metals is one, and so ^ortli* "NVhen the 
number reaches eight the ring becomes stable ahd the electrons no 
longer mobile. The outer belt of electrons is also responsible for 
certain optical properties, such as relTaelivity aiftl dis]»ersivn power, 
and such physical phenomena as surface tension, cohesion, intrinsic 
pressure, viscosity, ionizing power, in fact, by far the most important 
properties of the atom. 

Thomson* regards valency as a *ul>e of force emanating from a* 
valency*olnetron and either ending on the positive charge within the 
atom, when they retain their mobility, or on that of another atom, 
when they become iixed. When all are {jxed 1, iii this way, the atom 
is saturated. It fallows, therefore, that in a molecule, say of hydrogen, 
for every tube of force sent out from the electron <>l one atom the 
Jntter must be* the recipient of a second tube of force sent out from 
tlio second atom. Thus, the atom of hydrogen must ^>e divalent and 
possess one positive and ouo negative valency which Thomson 
represents by arrows : 

II ;r> II 

Further, chemical compound^ are divided into two classes, those 
which have undergone intramolecular ; >mi~alion, that is, have lost or 
gained electrons in the process^ or ionic molecules, and those which 
have not. 

Thomson's views have givm rise to various interpretations outlie 
electronic theory of valency. * 

Ramsay, 2 like Stark, ^ssumes that the electron is the binding force 
between the atoms in a molecule. *[«» regards eight as the total 
number of electrons that an atom can hold. Thus, in ammonia Iho 
nitrogen atom which'alrondy possesses live electrons receives three 
from the hydrogen atoms, making a total of eight. No additional 
electrons can now be added unless one is removed, so that the ninth 
valency in ammoitium chloride is negative. This view of Ramsays 
*on the concurrent addition and removal of an electron finds ex¬ 
pression in Friend’s residual or latent valencies, ! the neutral affinities r 
of Spiegel, 1 and the electrical double rukncics of Arrhenius. ' They 
servo, among other things, to hind the atohis in the molecule of an 
element or two electropositive elements such as potassium hydride, 
whilst the ordinary valencies are utilized for linking electroposifivo 
and negative atoms. 1 ’’ , * 

1 I’hil. M'i'i., 11)11, 27. 7o7. * Vi nil'-, Cl, on. , 11*08, OH, 77S. 

• ! Trans. Chun. Sw., loos, 03, 2<>0.* 1 </.*<«">;/. Cumi., 11)02, 20^ ar».‘>. 

0 Thcirricn tier flu iniV, l.cipzi”, 11*015. 

•’ Till- ulrrtroiiii: theory of \nli>ii<:y is rc-poiihihlo for a lnimlyr of highly sug¬ 
gestive interpretations of sue?* processus as tliu allinity constants ol organic 

n 2 I 
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Stark’s Theory. 1 According to Stark there arc two kinds of 
electrons, fixflil an^l movable. eTlio fixed electrons are disposed 
within the positively charged sphere constituting the atom, the 
movable electrons lie outside tho atom and at somo little distanco 
from it and are attached to it bylines of force. The movable,electrons 
have been termed valency electrons. It is by means of these electrons 
that combination is effected between similar atoms to form molecules 
and between dissimilar atoms to form compounds. Lines of force 
pass out from the electrons to other atoms with a loss of potential 
energy. According to the number of these lines, attachment is 
weaker or stronger. Thus, atoms do not combine directly, but in¬ 
directly by virtue of their m/itual attraction to tho electron. A single 
bond will correspond to a union by means of one electron, a doiiblo 
bond bv that of two electrons, a treble bond by three, and a free 
bond will be represented by an unattached electron. Tho existence, 
of sloreoisomeribm is readily explained on the assumption that tho 
lines of force of the valency electrons are confined to definite areas 
on tho atom. What is the number and distribution of iho'valency 
electrons? Whilst positive valency can be determined by the number 
of valency electrons that an atom can Ipso on ionisation, the negative 
valency may be derived from the fact pointed out by Abegg" (see 
below) that the sum of the maximum positive and negative valencies 
of any atom is eight. Thus/ carbon has a valency of -- 4 in CII 4 and 
t 4 in CCI 4 , phosphorus of -Ji in PIJi.. and +5 in PCI-,, iodine of 
■*- 1 in 111 and -t 7 in J.,0 7 . » 

It appears, therefore, that the greatest number of valency electrons 
which an atom can hold is« eight. Drud#, on the other hand) 
estimates the number of valency electrons from the positive valency 
of the aliVhi, from which it. follows that tho smaller IJie negative 
valency, the larger the number of valency electrons. 

Stark regards the dillerence between electropositive and negative 

elements as duo to the greater or smaller positive charge on tho atom. 

An electronegative atom, such as chlorine, will be one Wc’tli a large 

‘'poarlive charge and therefore ablo to retain a number of electrons, or 

at ft act others from electropositive atoms. An electropositive element, 

' such as hydrogen, will, on the other hand, liavo a small positive 

charge, which requires few electrons to neutralize it, and tiie latter 

wilt be attracted to electronegative atoms ofriargo positive clirfrge. 

« 

aeids, suits! it lit ion in benzene, Ac., in numerous papers l>y IT. S. Fry. K.G. Falk, 
and W. A. Noyes, wliieli have appeared simo MHO in the Journal of the American 
Chemical £<» Vty, and which bein< of rather special than general application, and 
to which full just ice'cannot ho done within necessary limits of space, must bo 
left to tin* reader for reference. 

1 Vi in r/p/i n tier Atouulynamtk. J. Stark. IlirzelJ Leipzig, 1910. 
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The reactivity of both kinds of atoms will ho duo to Jim ease with 

* which they attract or repel electrons. * 

An atom, such as'-arbon, which combines with both electropositive 
and negative, elements, is assumed fcn possess (pur elect runs, with 
which ilts able to bind four equivalent electronegative atoms; but 
as tho lines of force of tho electrons occupy a restricted area on the 
atom, lines of force 8f four electropositive atoms may fall on 
intermediate positively charged areas. It is not, however, clear, 
why the two kinds of valency should not function at tlm sTiino time, 
a condition which, at least in the case of carbon, is unknown. Tn 
addition to the property of causing eombinatio j. Stark, like Thomson, 
lu.Jds that the valency electrons arc? probably responsible Ibr 
ionisation and the phenomenon of light absorption and other optical 
properties (see Part II, p. 70). 

* Thus tho form of the positive sphere*, tho number and position 
of the electrons, and the distribution of the lines of force determine 
tho character of the atom, that is, its nllinity, valency, Ac. It is by 
the lines of force emanating from the* valency electrons that nllinity 
is manifested and atoms are hound together in a molecule*. 

Jlj unsaturated compounds*it is assumed that there* is a certain 
amount of residual nllinity, that is, vale*ne*y electrons whose lines 
of force are turned hack and*end on the positive spheres of the 
unsalurated atoms. Addition produce's a fusion of the! line's of force 
of the unsaturated atoms with those of the* achh'd atoms and ctUise*- 
quent degradation of energy of the system. The unlocking or 
opening of these lines^if forco may«hn produced by adding energy 
to the system in various forms, heal, light, or Urn action of the 
solvent, Ac. 1 This ,change in the energy content alii' -ting ‘the 
electrons in the molecule is manifested by the absorption of light 
or by the associates! phenomena of tluorescence, phosphorescence, 
or photochemical action, referred to in Part II, p. 1-10 ct so[. # 

* 

Theory of Abegg'and Bodlander." A brief refe*re*nce lias already 
been mado to this theory and the meaning which is attached to Iho 
terni normal and contra*'valencies (p. 08).. The* netrmal valencies are > 
the stronger and are electropositive fe>r metals ami electronegative 
for^non-metals. Their strfuiglh is affected by <-omhinatiem, whie h 
falls off as saturation proceeds. The activity e»f the,* rout ruvalijjicics 
increases with increase in tho negative cha/acler of thee element and 

« 

1 Baly, Ztit. /. JSlektmchnnie , 191 f, 17, 211 ; Tfnns. Client, fine., 1912,*101, 14G9, 

14 < 5. • 

2 ZciL anorg . Chem. } 1899, 20*153; 1904, 30, 330. • 
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also with it ^atomic weight. TJiis explains the existence of a stable 
oxide of iodine blit not of lluorinc. The activity of the contra-' 
valencies among negativq elements also determines the formation of 
di- and poly-atomic molecules. * Being latent in the metaj, they possess 
monatomic molecules. The existence of latent contra valencies explains 
the formation of molecular compounds whose component molecules 
aro similar. For when uncouabincd one'component should contain 
► an element belonging to the higher groups of tho periodic system, 
and this is found to be tho case. Compounds such as II 2 0, NO;,, IIF, 
A1C1 ;{ , &c., and organic hydroxy-compounds, oximes, and aldehydes 
enter into molecular compounds. The Rouble lluoriues and chlorides, 
water, and alcohol of crystallisation aro oxamples. Tho same reasoning 
accounts for ordinary molecular compounds such as (CII ;{ ) 2 0. IIC1, 
Nll a . 1IC1. In tho latter caso tho formula will be represented thus : 




II l- - 
* JI+ -N 
11 + - 


+ -n 
+ - ci 



but it is improbable for reasons alieady given fp. 58) that the fourth 
hydrogen atom is combined difleiymlly from tho other three. 
Solutions where combination of solute and solvent is indicated by 
thermal and other changes are placed in the category of molecular 
compounds. These changes are most marked when substances 
con^Ain elements of high but unsaturated valency. 

• In electrolytic solutions the following equilibria may occur: 


Ion + ion IJndissocialedvnoIecules. 

Ion + solvent Compound of ion + solvent. 
.Undissociated molecules + solvent Compound of tho same. 


Feebly dissociating solvents are those which have no great 
tendency to combine with ions. If the tendency to ionisation is 
well doveloped, the allinity of tho undissociated substance-lor tho 
solvent is unimportant, as tho non-ionised substance will not reach 
a high concentration compared with the ions. Tho case lS'rej.VejfOiited' 
l\y solutions of strong electrolytes whoso solubility is determined 
by the alUnily of ions for the solvent, and is therefore great in water, 
compared with the solubility in fully dissociated media. Sulphur 
dioxide, for example, is found to combine, with those substances 
who'll undergo ionisation in the liquid. 


Briggs' Theory. Briggs 1 has applied Abegg’s theory in order 
to explain tho structure 'of the nibtalammine compounds. The 


* Tunis. Chan. Hoe., 1003, 03, 150'-’; 1017, 111, 253. 
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radicals do not form two /ones as Worn* r supposes, Imt aro all 
directly attached to the metallic .itom by virtue of "their positive 
and negative affinities, with which each atom is provided. For 
example, the platinum atom is capable of Combining with six positive 
affinitie^and four negative affinities. By its positive affinities it can 
attach the negative affinities of four atoms of chlorine, and by its 
negative affinities it can attach the positive affinities of six molecules 
of jimmonia. Ammonia has only one available positive affinity, since 
its other positive and negative affinities aro saturated by the positivC 
and negative affinities of hydrogen. 


II 


II 

it 

N ■ 

it 


•-* 


Chlorine has one positive and one negative affinity. The three 
compounds (Ft 4NiljClo)Cl 2 , (Ft :>NII ; .C1,)C1, and (Ft 2NIL,Cl.,) may 
be represented by the following formulae, in which tho free affinities 
are indicated by clotted arrowji and the combined positive and negative* 
by arrows pointing in re verso directions. 


<-- Cl < 
Nil., - 
NIl',- 

<— Ci < 


nh 3 

1 

• Nil., 

| 

Nir, 
1 , 

C1 • " Ft 
Cl v 1 

* 

:nf‘a 

* 

. 1 

< - Cl— * 

Nil,-* I’t ' . 

(M v v 1 

t 

Nil, 

"t 

Nil, 

t 

Nil. 

. i 

. I. • 

II. 

in. 


r t’l 

. ’Cl 


The chlorine atoms with free affinities aro those which undergo 
ionisation. Thus, in I {wo atoms of chlorine and in II one atom of 
chlorine are ionised, whereas III is electrically neutral. The same 
idtfi has been applied to foiululating K.,FIC1 U , 

Cl <— K < • 

l 

Cl: " . > Cl 

Cl ^ Cl 

t 

Cl 


K <•— 


in which the two medal atoms attache?) to the free a (Tin Hies of tho 
two chlorine atoms undergo ionisation. Briggs Jias also applied 
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Abegg's solution equilibria, referred to above, in order to show that 
there will bo less tendency on tlifi part of the chlorine atoms towards , 
ionisation by reason of the residual affinity of the water molecules 
when attache^! by two kiidls of # affinity than by one. 

This theory has undergone a further development in the following 
way: It has been stated (p. 09) that J. J. Thomson recognizes two 
typos of chemical combination producing ionic and non ionic mole¬ 
cules. Bray and Branch 1 and Gf N. Lewis - draw a similar distinc¬ 
tion betw< en polar and non-polar Compounds. In the polar compounds 
(Thomson’s ionic molecules) a transfer of electrons from one idem to 
another has taken plac£. In the non polar compounds electrons have 
not been transferred, and tile atoms are' held together by e<puil.and 
opposite tubes of force passing from the electrons in one atom to tho 
positive nucleus of the other. Moreover, all gradations between a 
completely polar and a completely non-polar molecule are to be 1 
expected. In addition to the dual affinity of the atoms as exhibited 
by a tendency to both gain and lose electrons, Briggs distinguishes 
between primary and secondary affinity, the latter, which is opposite 
in sign to the former, only coming into action when the primary 
affinity has been saturated. In the strong electrolytos (polar gom- 
pounds), such as potassium chloride, the atoms are united by primary 
affinity only, the secondary affinity (dytted arrow) being unsaturated, 
as represented by the formula : 

r ...» K —> Cl —> 

• 1 

In the non-electrolytes (non-polar compounds), such as methane, 
the atoms aro united by both primary and secondary affinity. 

J[ 


II 0 II 

it 

ii 

Methane. 

r 

Now, copper is incapable of direct combination with ammonia 
, molecules to give compounds of the type Cu, .rNJI... Cuprous 
chloride, however, can combine- with a maximum of three molecules 
of ammonia to give (0u,o Nlk^Cl, 3 and cupric chloride with v six 
molecules of ammonia (Cu, 0NlI : »)Clo. That is to say, the ammonia 
mo 1 ccides are united to'the copper by the saturation of the free 


1 Aim r. k'Iii »}. Snc., U)!»3, 35, 1118. 
* 2 J. Amir. ('hem. Stic., l‘.H8, 36, 14IS. 

* Lloyd, J. Phys. Chan., 1308^12, 8U3. 
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positive affinity of the nitrogen in ammonia <•-- NIT . I»y the negative 
infinity of the copper in the two salts. But since «the copper atom 
alone cannot combiiie directly with ammonia, it evidently does 
not possess negative affinity. Cuprous sall& however, can combine 
►with amnuftiia, and cupric salts with a still larger quantity; hence 
the copper atom, on losing an electron, develops negative affinity, 
and with y loss of two the negative affinity becomes more marked. 
It therefore follows that the negative affinity of the copper is a 
secondary phenomenon which only appears when the primaryaullinity 
has comolnto action. 

In this way the ’-dative stability of the metalammine salts, as de¬ 
termined by Ephraim 1 from Ihe teiuperifturo r°«|uired to produce 
a constant dissociation pressure, can be readily explained. 

Similar views have been applied 10 acids and bases. The strongest 
aftd weakest acids may be 1 written : 


---> II —> X ■■■> 

Strong arid. 


. ii x 

Wrak acid. 


If the secondary affinity of X in a weak acid is saturated by 
combination with a molecule M*to give a complex acid, this complex 
acid will have the formula 

~ > I[ -> XM 


and since the secondary affinity of X is now saturated, the secondary 
affinity of tho hydrogen will he free, and its tendency to undergo 
electrolytic dissociation thereby increased. Whereas hydrocyanic 
acid is a very weak acid, hydrogen ffVmcyanide, ferricyanide, and 
cohalticyanido are all strong acids. The same principles hold in tho 
case of bases, .the forniTilao for which fall between tho types 


—► R —» Oil —> and R ^ . Oil 

* 

Strong liitse. W< ak lian-. 

f 0 

" Wly?n the secondary affinity of R in the weak base is saturated by 
combination with a molecule A, a complex and strong base of t’l 
formula (RA) —> Oil is obtained, examples ot which are afforded by 
the strongly alkaline compounds of amnfonia with weakly basic 
metallic hydroxides. Moreover, two or more molecules of tho same 
compound may be united by secondary affinity and give rise *to 
polymerisation. * 

But there is a fundamental difference between secondary negative 
affinity and secondary positive? affinity. According to tho .ynodern 

* * litr., 1012, 45, 1 lig'2 ; 1010, 40, i)103 ; 1011, 47, 1$J8. 
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view of tlio electrical structuvo of the atom, the positive nucleus is 
situate<\. at the 'centre of th£ atom and its spatial dimensions wo 
small compared with the volume of the wlfolo atom. Secondary 
negative affinity depends 0^1 the power of the nucleus to attract 
linos of force (or electrons). Since the nucleus is so snfoll and acts 
at tho centre, it follows that the secondary negative affinity may he 
regarded as a force distributed over the«burface of the atomic sphere. 
Secondary positive affinity, of. the other hand, emanates frqm tho 
outer, .mobile, or valency electrons, and therefore is confined to 
individual electrons. It follows that when the atomic Volume is 
large tho unsaturated secondary affinity of the atrms in an electrolyte 
is large (though its intensity over a given area is small), thereby 
bringing about dissociation. This is why tho salts of the alkali metals 
arc strong electrolytes. The conception of secondary affinity leads, 
moreover, to the following conclusions. In compounds of ttie 
formula A Bx, in which B represents a univalent atom and x .varies 
from 1 to 8, when x =± 1 the secondary affinity of A is ynly partly 
saturated because only a part of its spherical surface comes under 
the influence of B. With increasing value of x moro of this surface 
is brought into action, and tho tendency f o dissociation, as well 
known, falls away with increasing valency. In a non-polar com¬ 
pound secondary affinity must be, completely saturated, and must 
occur when the atoms of B are symmetrically distributed, that is, 
w iien x is 4, 6, and 8. Such substances should not only be non¬ 
polar, but inert and volatile. It is, therefore, interesting to find 
that the gases methane, sulphur hexafluoride, tungsten hexafluoride, 
and tho liquids carbon tefrachlorido and tho very volatile solids 
osmium octafluoride, osmium letroxide, and ruthenium tetroxide, 
possess these properties. 1 * 

An interesting theory of tho electronic structure of tho atom, 
which determines its valency and other properties, has recently been 
‘■pul forward by Lewis and extended by Langmufi-. 9 , 
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CHAPTER III 


THE NATURE OF ORGANIC REACTIONS « 

In the preceding chapter wo have discussed tho valency of carbon 
and the views which liavo been put forward to explain the pheno¬ 
menon. We have now to inquire into the causes which bring 

about the interaction of two substances* 

• 

Valency and Affinity. The first question winch naturally 
suggests jtself is what relation exists between valency and chemical 
affinity; does the quadrivalency of carbon, compared, say, with 
the univalency of chlorine, imply a correspondingly higher chemical 
affinity? Before answering .this question it may bo well to 
consider briefly tho nature of chemical affinity, or the force which 
binds the elements together. This has already been touched upon 
in the previous chapter. It is generally assumed that opposito 
electrical properties* of tho elements determine the readiness i^itli 
which they unite and tho stability of tue union. It is manifested 
by the evolution of lio?.t or by the loss of some other form of 
energy. Thus, hydrogen and chlorine, representing a highly 
electropositive and electronegative element in the electrochemical 
series, unite With loss of energy, and this energy must be supplied 
if it is desired to break down the union ; in other words, the greater 
the losu of energy, the greater the stability of the product. Tho 
compound formed f in this case, namely, hydrogen chloride, is highly 
ionised ‘in 'aqueous -solution. Exactly the same is true of the 
compound of sodium and chlorine. On the other hand, we have <b° 
phenomenon of atoms of the elementary gases joining together in 
the form’pf molecules and of still more highly polymerised forms, 
as, for example, carbon ( and .sulphur, of such stability that they aro 
only docomposed with difficulty. t * 

It is clear then that chemical affinity is at times independent of 
opposite electrical character unless we are prepared to admit, like 
Abegg and Bodliinder and others (p. 101), that the atoms aro furnished 
with both positive and negative charges which may fye brought into 
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action when required. This view is, however, attended by serious 
difficulties, which may bo illustrated in the case of carbon. 1 •» 

Carbon, as already pointed out, occupies a Unique position in the 
periodic table. Its position, midway in the electrochemical series 
gives it a neutral character which enables it to enter in Id union with' 
both electropositive elements, such as hydrogen, and electronegative 
elements like chlorine. It is noteworthy that although free carbon 
can only be induced to cofnbine with great difficulty with »either 
hydrogen or chlorine, the compounds formed, CII 4 and CC1 4 , are 
not only stable at moderately high temperatures and undor the 
action of many reagents, but are not appreciably dissociated in 
solution. Moreover, the'elements linked to carbon retain something 
of their properties in the free state. Carbon, "for instance, when 
combined with hydrogen, forms a strongly electropositive methyl 
group, but when joined to chlorine produces a strongly electronegative 
CCl.t group. The effect is seen on introducing the two groups in 
place of hydrogen into formic acid, Acetic acid, CII 3H -COOII, is 
weaker by about one-twelflli than formic acid, as proved by its 
affinity constant; trichloracetic acid has more than 5,000 times the 
strength. « « 

This peculiar character of carbon of acting as a neutral atom to 
which other atoms may become attached without renouncing their 
original properties has been roferred to by van't Hoff 2 as inetiia 
(Xragheit) and by Michael as plasticity.' It ik to this same inert 
character that van’t Hoff attributes the slow reactivity of* organic as 
compared with inorganic compounds, or, ak wo should now say, the 
smaller tendency to ionisation. 4 

.But if carbon exerts little influence on the character of the atoms 

i 

attached to it, it preserves tho properly, which it possesses in the 

free state, of polymerising, that is, of combining with itself to form 

ft gS l '°gales of atoms and carbon chains. ‘ This again appojflra to be 

h peculiarity of its position in the periodic system ; for the tendency 

to polymerise or to form chains falls away in tho periodic groups 

hying to the right .and left of carbon. Chains of three and four atoms 

of'hitrogen are known, but are unstable, and attempts to lengthen 

them have met with incredking difficulty, whilst in t,hc case of 

1 S.mie of tlio ideas which arc expressed here ar>> derived from tho A » sichlen 
liMir (lie onjanieche Cheque, by J. II. vau't Hoff, 2 vols., 1878 and 1881, Vieweg, 
llru.iswick. Allhough this classic is now nearly a third of a century old and 
appeared at a time when organic chemistry was undergoing its most rapid 
development, many of the views which find expression thero are still eminently 
suggestive and as applicable tq present-day problems as when they lirst appeared. 
a Ansfihten , vol. i, p. 214. * J. prukt. Clton., 1829, 60* 325. 

1 Ansichttn, vol. i, p. 286. 11 
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oxygen the peroxides, peracids, and ozonides readily and sonlfctimcs 
explosively break up and lose oxygen. % «• 

We may then ask^ is this tendency to polymerise Which is 
exhibited by free carbon in carl ion chains effected by meAns of tho 
^opposite electrical polarities of the individual atom»? If so, the end 
atoms of a chain, like the top and bottom discs of a voltaic pile, 
should show opposite polarities ; but there is no evidence that this 
is the case. For if it were so, tho halogen atoms at the two ends 
of a carbon chain should possess diilprent reactivities, which they 
do not, otherwise liexyleno dibromide and sodium should yield 
dodecyleno dibromide, C 12 II 2 .,Br 2 , whereas cyclohexane is formed. 1 

We inay therefore conclude that tho tendency to polymerise, like 
chemical affinity, is a function of tho atomic weight and is associated 
with the position of tho element in the periodic system ; that incrcaso 
ol*valency up to the central group is not attended by an increase, but 
by a decrease in chemical energy.' 2 According to van *t Hoff* it is 
the fiigh valency combined with the chenjical incitia of carbon 
which determines its union with so many different elements, as well 
, as with itself, and which explains at the same time the formation of 
the vast number of organic compounds. 

Types of Reactions. What, then, determines chemical union? 
Before answering this question vu will consider the different kinds 
of organic reactions. Van’t Hoff 4 classifies them into three types. 
In the lirst, addition ‘ occurs between two unsaturated molecules' by 
’ means of or.e of tho double bonds without cleavage of either molecule. 

The product has in consequence a cyclic structure, 

00Nil 00—Nil 

II + t II “ I I 

IIN 1 0: Nil IIN—0:NII 

Cyanic acid. Cyanamide. Carbodiimide. 

In the ifecond type, addition occurs hetween an unsaturated and 
a saturated molecule, with cleavage of tho saturated molecule. The. 
addiliyc compounds, which tho oh-liues form, come under this head. 

U.,0 Br 0II 2 Br 

“'ll + I “I 

U 2 0 Br ClLBr 

The third*typo represents ordinary suhstilution in which both 
moleAiles are saturated. 5 ” 

\ 

1 W. H. Perkin, lier., 1891, 27, 21G. 

* Bloiustrand, ('hemic, dvr Jddzeit, 1809, 217, 213. Ilinriclisen, Zcit. pliyaih. 
Chnn., 1901, 30, 305. 

* Ansicliten, vol. ii, p. 2-10. 1 4 Aintilh'cn, vol. i, p. 8. , 

6 The, v o is afourlli type in which the molecule interacts with itself, condenses 
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To Explain the union of methane with chlorine we shall have to 
assume out of two things, either that addition precedes substitution, 
* ' CH, + C1 2 = CH 4 C1 2 , 

' G1I 4 C1 2 = CILC1 + IIC1 

or that each molecule under* the influence of tho other, dissociates, 

* t 

the methane into methyl and hydrogen, and molecular into atomic 
chlorine. 

ell,, ci cip;ci 

i i : •-= + 

* II * Cl 1IC1 

% 

The first viow was hold by A. K ok ul 6, and in a modified form 
by J. U. Nef; the second by Williamson, who ghve expression to it 
in propounding liis ‘Theory of Etherification’ (1851). KokuV*, in 
his Jjchrbuch (1807), says: ‘ When two molecules react upon one 
another, they attract one another hy their affinity and unite; the 
relation belweon tho affinities of the single atoms frequently 
causes the atoms, which had previously belonged to different 
molecules, to come into tho closest attachment. On tlris account 
tho atomic groups which wore originally separated in one 
direction, when joined to tho other molecule, separate in another 
direction.’ Tho process may be represented by black and **vliite 
spheres, thus: 

<• «o 



This viow has beon very generally adopted. Van’t* Iloff 1 has 
pointed out that many substitution processes may he most simply 
explained by addition, and Michael 2 has accepted tho same viow, 
which will be more fully discussed later. 11 receives further support 
from the theory of enzyme action, according to which enzyme and 
substrate unite boforo cleavage (Part TIT, p. 9S), and from Fischers 
explanation* of optical inversion (Part'll, p. 197), whoteby the 
reagent, which causes if, is represented as attaching itself to the 
atom before forming an additivo compound which subsequently 
breaks down in a manner which may or may not eauso a change in 
the spatial arrangement of the remaining groups. The researches of 
Sclunidliii and Lang, 4 who liavo been able to prove tho existence of 
such additive compounds from a study bf the melting-point curves of 
reacting compounds, point in the samo direction. The theory also 

or polymerises. All the four typos may occur in tho case of a single compound 
as illustrated by tho ketones (p. 66). 

1 Atisxchhn, vol. t i, pp. 225, i'll. 2 J. prakt. ('hem., IS,S3, 37, 486. 

» Annalen, 1911, 381, 123. 4 Her., 1910, 43, 2806; 1912, 45, £99. 
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fits in with Werner's notion of residual affinity or auxiliary valencies. 
In this connection it is interesting to note that Kekuhq who was 
a* strong supporter the tlieory of fixed valency, shoirfd have 
originated an idea which was directly opposed to it. ■* 

Nef 1 congiders that chemical reactivirty depends, on dissociation, 
and at the same time on the additive power of the substituting 
molecule, by virtue of its residual valencies. 

' CII,—II + Cl - Cl = CII, II = CII .Cl 4 IIC1 

i i I ‘ ' I 


Cl-Cl 


Both those views have been extended to the synthesis of organic 
compounds, in wfiicli wide scope is given to their application 
(p. 280). 

There is a fourth typo of reaction in which both reacting molecules 
ai£ saturated, vet unite without cleavage. Under this type may bo 
included thoso loose combinations, commonly known as molecular 
eomjfounds, represented by substances containing alcohol, benzene, 
and chloroform of crystallisation, thoso formed by the union of 
( aromatic nitro and nitroso compounds 2 with aromatic hydrocarbons 
and amino compounds, perbromides of the organic bases, and com¬ 
pounds such as piperidine and carbon tefrabromido, C-JIuNtCBrJ.* 
As already slated, such combinations find no place in the ordinary 
viows of a definite valency number, but aro readily explained on 
Werner’s theory. o i 

. Among the many reactions, drawn from ono or other of the 
different types, which might he discussed, wo propose to limit 
ourselves for the-present to thoso of the unsatm aled compounds, as 
having been most carefully studied and affording the most varied 
and most interesting results. 


Addition. Reactions of.Unsatnrated Compounds. The simplest 
case of a“reaction beiweeu molecules is one whore direct union occurs, 
y’he tlieory of unsaturated compounds depends in the first instance on 
the formation of what aro termed additive compounds (p. 11]}). 
Where they are formed it is possible, as a rule, to discover one j>i 
more elomontary atoms in the original compound whoso maximum 
valency hafc not been utilized, and these atoms are represented as 
points 'of attachment for the new molecule or molecules. Tliys, 
hydrocarbons of the ethylene and acctvleno type and their derivatives, 

1 Annalen, 1891,200, 09; Janrn. Amor. Client. Soc. } 1901, 20, IOCS. 

2 Sellrauln\ Her., 187. r >, 8,017. t 

*,1)61111 and Dowry, Juurn. Atner. Chan. Soc. t 1911,33, 1888. 
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also aldehydes and ketones, cyanides and isocyanides, cyanates and 
isocyanates, azo- and diazo-eompounds, &c., all of which form 
additive compounds, are readily explained on the theory of the 
unsaturation of certain atoms 

But there aror numerous other compounds which form simple 
additive compounds where the explanation is not so simple. In the 
pyrones 1 the oxygon is made quadrivalent in order to afford a con- 
venient point of attachment for the moleculo of acid with which they 
unite, and the structure of the quinhydrones (Part II, p. 120) is 
explained in the same way. The existence of molecular compounds 
of aromatic hydrocarbons, plionols, and amino-compounds with di-and 
tri-nitrobenzene and'picrp acid, and of the perbromidcs of bases, Ac., 
affords further examples for which unsaturation cannot conveniently 
bo made to serve. It is for this reason, as we have seen, that 
Werner has introduced the notion of auxiliary in addition to ordinary 
or principal valencies (see p. 90). 

Nor is it overy unsaturated compound that is capable of forming 
an additivo compound; there are, for example, hydrocarbons of the 
ethylene type which refuse to unite with hydrogen, halogen acid, or 
halogen. Wo are thus confronted with conditions in which, on the 
one hand, atomic unsaturation is for some roason suspended, and in 
which, outlie other hand, addition occurs whore unsaturation cannot 
be assumed. 

A study of the conditions determining unsaturation may throw 
some light on the nature of this property. 

Nef® divides unsaturated compounds into three categories, namely, 
those which contain a single, 1 active, unsaturated arbon atom, such 
as carbon monoxide, tho alkyl and acyl isocyanidos, hydrocyanic 
acid, fulminic acid and its salts, and mono-anti di-halogen substituted 
acetylenes. They exhibit unsaturation in tho same way as com¬ 
pounds of the second or etlicnoid typo, with tho difference that tho 
»:u*w jMiir of atoms or groups attacli tliemselvos to tho sumo carbon 
atom instead of distributing themselves lietweon two.. The bond A 
in.iy be free and active, or latent and inert, but it is only in the 


foimer condition, according to Nef, that addition can occur. The 
two are in dynamic equilibrium, and may be represented iu the case 
of tho alkyl isocyanidos in the following manner: ** 


. RN-C-- ^ RN-C1I 

Active. Inactive. 


1 


Tin; process of addition is supposed to occur by partial or complete 

- , ; 

Tran*. Chan. Soc., 1800, 75, 710. * Juntn. Amir. Chan. Sue., 1001, 2fi, 1510. 
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• * 

dissociation of the addendum into its atoms or constituent groups, 
Ykich then unite with the active ’Valencies of bivalent g carbon. 
Thus the isocyanides form additive compounds with chlorate in the 
following way: \ * 

• /Cl * 

RN: C: + Cl: Cl, —* RN:C<M| RN: 

i i \ C1 

» • . .> 

The other .additive compounds of tho isocyanidos have already been 

discussed under bivalent carbon (p 65). Tho second ejass of 
unsaturattfd compounds includes those of the ethylene type which 
combino by direct addition to a pair of unsaturated atoms, and 
constitutes the largest and most important«class. 

Tho‘third group includes those closed atomic chains such as cyclo¬ 
propane and propylene oxide, which, though apparently saturated, 
uyifce with halogens, halogen acids, &c., like the olefines (p. ISO). 

Addition (Ethenoid Compounds). Ethenoid compounds, it is 
well know*, enter as a rule into union with hydroxyl, ozone, tho 
halogens, halogen acids, sulphuric and hypochlorous acid, nitrosyl 
chlorides, nitrogen tri- and totroxide, and loss frequently with 
anmftnia, the amines, mercaptahs, and alcohols. 1 The subject has 
been carefully studied by Michael,® who has laid down certain 
general propositions, which he regards as determining the course of 
these and similar reactions. Adopting the principle proposed by 
Ostwald that ‘every’system tends towards that state whereby tile 
maximum Entropy is reached ’, Michael s replaces tho word entropy 
bv chemical neutralisation , that is, the neutralisation of tho chemical 
energies or affinities f tho reacting atoms. Ho has further applied 
Ostwald’s idea of the distribution of affinity among acids, or avidity, 0 
to the formation of additive compounds under the term distribution 
principle, which ho explains as follows: 

‘If t\tfo unsaturated atoms A and B are present in an organic 
molecule which exhibit unequal affinity towards C and D of tho 
addendum CD, and if A has a greater affinity for G than Jt has, 
addition will occur if the affinity of AG + BD is greater than that o M 
CD, and tho more readily and completely tlje larger the difference. 
In this process of addition not only the affinity of A to C and of 
B to p -comes into action, but? also that of A to D and of B to C, and 
therefore the further possibility is presented, not*only of the com¬ 
bination of AC+BD, but of AD+BC, and the latter in increasing 

• l For a more complete list seo J. UfNof, Annalcn » 1897, 298,206. 

3 /. vrakt. Chem., 1899, 60, 286, 410; Ber., 1906, 39, 2138. * 

3 J. fiakt. Chem., 1899, 60, 29% * Thomsen, Pogg. Ann., 1£69,135, 497. 

/r. I I - 




114 


T1IE NATURE 0F r ORGANIC REACTIONS 


proportion the nearer the two combinations AQ+BD') AD+ BG 
approach one another. If the- relations are changed in any way so 
that the' $flinity of A to G exceeds relatively that of B to G, the 
formation of AC+BD must increase at the expense of AT) + BO, 
and if B has a greater affinity than A to I) it may happrn that tho 
amount of AT) + BG becomes so small as practically to vanish.’ 

This principle, taken in conjunction with that of ( maximum 
neutralisation, will determine, the course of the additive process. 
The hitter may tako the fonn of what is termod by Michaol the 
negative-positive nilc, whore the maximum neutralisation ia attained 
by tho electronegative atom or group of tho addendum attaching 
itself to the more electropositive atom of the unsaturated molecule, 
and tho more electropositive atom to the more elcctroncgativo' 1 part 
of the molecule . 1 For oxample, in propylene, CII a . CII: Cll a , tho 
electropositive radical CH ; , will influence the central more than the 
end ethenoid carbon by rendering it more oloetropositivo. Conse¬ 
quently, on the addition of hydrogen iodide, tho elcctronogativo 
iodine atom will be mainly attracted to the central carbon. This 
proves to be the case. At the same timo a small amount of normal 
propyl iodide is formed in ag’^enicnt with the principle of 
distribution. 

If in place of hydrogen iodide, whoso constituents lie widely apart 
in the electrochemical series, IC1 be added to the compound, a 
cftrtain quantity of CII 3 . CIII. ClI^Cl should be formed in addition 
to CII 3 .CIICl.CH 0 I. If, again, BrCl be employed, tho rolativo 
quantities of the two products must become still more nearly equal. 

Experiment has fully confirmed this result, r 5r Michael found 
Jhat tho proportion of primary to secondary 11 clilorido in the first 
case was 1: 3, and in the second 5 : 7.* 1 

The action of negative groups in tho unsaturated compound will 
also influence tho result by rendering the neighbouring ethenoid 
carbon more negative. This is a common observation among 
unsaturated acids, like acrylic acid, with a strongly nogative 
.carboxyl group. * Hero the halogen of the halogen acid attaches 
itself to the ft carbon. 

From the above considerations, the rulo laid down by Markownikoff 3 
that tho halogen of a halogen acid attaches itself to the least hydro- 

— 1 

genatod carbon, though by no means free from exceptions, will be 
readily understood; for the least hydrogenated carbon will usually 
bo tho one situated next to tho strongest electropositive hydrocarbon 

1 /■i’re.’rf. Oiciit.'f 1892, 40, 205. M J.prakt. them., 1892, 40, 315, 452. 

■ Aiinakv, 1870,153. 250. 
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radical. Let ua tako the case of a substituted olefine such as 
brom op ropy 1 eno, CII ;! . CBr: CII 2 . The addition of hydrogen 
bromide produces £/?-d ibromopropane. 1 The effect li^/e is duo, 
according to Michael, to the neutral $iaracter of^ the carbon atom, 
whereby the mutual attraction of the bromine atoms in the froo 
stale is still exerted, under tlio concurrent influence of the electro¬ 
positive roetliyl group. If, ,on tlio other hand, the bromine occupies 
the opposition, Cll a . CII: CIIBr, the attraction of the bromine atom 
as well as the proximity of the methyl group act in opposition ; tlio 
hydrogert bromide distributes itself, so that both propylene bromidos 
are formed, namely, CU 3 . CIIBr. CILBr, C1T.. Cl To. CHBr a . 

Michael 2 considers that in longer Chains inactivity may bo 
influenced and modified by spatial considerations, and that, for 
oxample, a carbon group in position 5 and 6 relatively to the 
itusaturated carbon atom may, by its tendency towards ring-forma¬ 
tion. and, therefore, by its proximity to the unsaturated carbon 
atoms, do^ormine the character of the product. In this way either 
the direct or indirect influence of each atom will be exerted according 
to its position, and determine the course of iho reaction, 3 that of 
the # itoms in direct connection with the reacting group naturally 
predominating. 

Much tlio same conditions ^s those which determine addition 
should affect the removal of halogen acids by alkalis, and some of 
the experimental results will now be briefly referred to. • 

In propylene bromide, for example, tlio effect of the positive 
methyl group will not imly be distributed botweon the two other 
carbon atoms, buo'vill be directod in a greater degree towards the 
retention of the brom'no atom in the (i position. It has beon found 
that the proportion of CII ;{ . CBr : OIL to CII 3 . CII: CIIBr is two 
to ono. As /i-bromopropionic acid is more readily formed from 
acrylic acid than the « compound, the former loses hydrogen bromide 
more readily. Isofiutyleno yields tertiary butyl bromide, and it is 
found, that the latter,.of all the isomers, is most readily converted 
into isobutylene. * 

Similarly with the dihalogen compounds; tlio more readily' 
bromine *is added, the more easily is it, as a rule, removed. 
Generally speaking, tho^hydiiogen of tlio least hydrogenated carbon 
is defachcd ; 4 but its removal depends upon tlio proximity of metflyl 
groups, which by increasing the positivity of the carbon diminishes 

1 Iloboul, Ann. Vhim. l'/tys., 1878, 14, -1(55. 
a J. prakt. Cham., 1802, 4%, 8115. • 

* Moo vnn't Hoff's Ansidden, vnl. i, p. 281, vol. ii, p. 252 
4 Suytzoff, Annalet * 1875, 178, 280. • 

i 2 
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its affinity t for hydrogen. (CH.,) 2 CH. CHBr. CH 3 gives mainly 
trimethyJctliyleiie (CIIA, • C :bll. CH 3 , and a little isopropyl* 
ethylene C^lIaJ.OlI. CH: CII 2 . * 

The little that lyis been systematically investigated on the addition 
of hypochlorous acid, ammonia, and alcohol is referfbd to by 
Michael, i 

In tlio above examples we havo considered mainly the* nature of 
the addenda. We will now extend the inquiry into the effcqt on 
additioif of introducing other groups into the cthenoid molecule in 
place of hydrogen. A considerable amount of work has bfceu done 

on this subject by Ivlagcs, Bauer, and Nof. 

% • f 

Addition of Hydrogen. Klagos - has studied tlio reduction ol 
two series of ethylene derivatives, in one of which a hydrogen atom 
is replaced by phenyl, and in the other by carboxyl. Other hydrogep 
atoms are replaced by methyl, benzyl, and phenyl groups. Tlio 
reduction appears to beJnliibited where two methyl groups rejtlace 
both the hydrogen atoms attached to the same carbon “atom; in 
other words, by augmenting the posilivo character of the carbon 
group allinity for hydrogen is diminished. Thus, dimethyl and 
ethyldimethyl styrene C (i 11,011: C(C1I.,) 2 , C 8 II ri C(C 2 n 5 ): C(Cli ; ,) 2 , 
/i-dimethylacrylic acid COOII. CH : C(CII ; ,) 2 , and teraconic acid 
COOII. C(CII 2 COOII): C(CII ;J ) 2 , are either reduced with great 
difficulty or not at all. Tlio same applies to tprpinolene (Part III, 
p.^257) and to methylheptoiione (Part III, p. 257), both of which 
contain the group C : C(C1I 3 ) 2 . 

k« 

Addition of Bromine. Bauer 8 has oxarvaod the eifoct of 
substituents on the additive power of cthenoid compounds for 
bromine. His results are formulated in the following statement: 
‘ the tendency of a caibon double bond to add bromine is diminished 
if in tlio caso of both carbon atoms reduplication of carboxyl, ester, 
phenyl groups, or bromine has taken place/ Hero tho accumu* 
lation of negative groups affects tlio addition of negative ?toms. 
. l n the acrylic acid sdlies, tho substitution of hydrogen by one or 
1 more methyl groups or one bromine atom attached to either carbon 
does not prevent addition ; but neither tribromacrylic nof dibromo- 
crotonic aeid combine. Further, (Kinetjiylfumaric acid. (pyro- 
cinylioiiic acid), diethylfumaric acid (xcroliic acid), dibromo- and 
njothylhromo-fumaric acid, acetylene tetraearboxylic and a-plienyl- 
oinnainic acid do not lend themselves to addition of bromine, 

t. 

1 J. prakt. Chcm.,* 1899, 60, 431, 403, 407. * Bcr., 1904, 37, 924, 1721, 2301. 

. * s Bcr., 1904, 37, 3317. 
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whereas both maleic anti fumari ,, methylfmnaric ant’ Imunomaleic 
^icids combine. Here the multiplication of both positive an<> negative 
groups prevents addition, a fact which steric hindrance ujty possibly 
serve to explain. \ * # 

SudboAugh and Thomas 1 have shown that the unsctii ration of 
fty unsaturated acids is much greater than that of a/i acids, and tho 
rapid additioh of bromine 'n tho former case serves as a method for 
distinguishing the two classes. ^Tho difTerence in th<‘ case of 
the <x/3 acids is attributed to conjugation, which is ox pi .lined on 
p. 138. * 


The addition ejF lialogons is also modified Jjy light, and will be 
referred to in the section on photochemisfry (Part II, p. 141). 

It is an interesting fact, that whereas cinnamic acid and erolonic 
acid do not unite with iodine, phenylpropiolie acid and totrolie 
i*eid, CII a Ci C. C001I, combine with two atoms of tho element. 

Turning to the hydrocarbons, stilbene C, lIjClI: C1I. C,II- and 
its monoiyothyl and monobromo derivative add bromine, but not the 
dibromo derivative. Wliero both phenyl groups are attached to tho 
same carbon atoms as in diplionylothyleno (C, ; H ri ) a C: Clio and its 
mono- and di-methyl dcrivati .<?s, bromine addition takes place, 
but is prevented in (0 r / r,).,J : C(0 (; N.-^, (C,.1I-,) 3 C : ON Hr, and 
(C u II fi ) 2 C: CBrCH ; „ that is, whpro two phenyl groups or hromino 
are attached to tho second ethenoid carbon. Tho presence of chlorine 
and cyanogen produ&e the same effect as bromine. 2 A further fact 
of interest mentioned by Bauer is that phonylcinnamic nitrile adds 
bromine, forming a definite bromide, hut a intro group in the para 
position prevents 1 .Hie addition. Tlio w-nitro compound, on tho 
other hand, yields a definite additive compound, whilst Die e-nitre 
compound occupies a middle position, bromine l>oing partially 
decolorised without evolution of hydrogen bromide. 


o- 

m- 

P: 


■NOjjC,.H 4 ' 


>c< 

\v xin 


c u ii. 


Ni troplicnylei nnamic n i tri lo. 

The retarding effect of phenyl, cat boxy 1,. and cyanogen follow in 
increasingforder, C„II B < COOII <CN, which agrees with tho alliuily 
cons bints of the acids irt which they occur : 

* * K 

Phenylacetic acid C, ; IT B . CI1 2 . COOII 0 00550 
Malonic acid COOII. CII a . COOII 0 015 
Cyanacetic acid C^f, CH a . COOH dO-37 * 

1 Trius. diem. So c., 1910, 87, €15. 2 Bauer, J.yrakt. Chem.f 1905, 72,201. 
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. « 

Tho result^ of these observations appear to fall yi with Michael’s 
neutralisation or positive'negative rule; for the addition of positivo 
liydrogen\toms is retarded by reduplication ot positive radicals in 
the ethen.oid molepule, and negative bromine atoms by the presenco 
of negative radicals. On tho other hand, Biltz 1 has pointed out that, 
although tetraplienylethylone does not unite with bromine, the 
closely allied compounds tctraphonylone-ethylene *.nd, its oxide 
combine, though in tho second vaso with difficulty. 

i 


CJU Ml, 
I >C:C< | 




,C«H. 


C: 


< vy (i A 4\ 

>0 

C„Il/ 

i 4 4 

Tcti'iiphcnyhme-cthylenc. Totraphcnylene-othyloiio oxido. 

* i 

Also, diplienyldichlorethylene, phenyl mono-, 1 di-, and tri-eldor* 
ethylene, as well as tetrachlorcthylene in sunlight, form additive 
compounds in spite of the multiplication of negative groups. • 

(C.jHufjjC: CC1. CJL.CTI: CUC1 C.U-.CH : CCL C,.II,CC1 :«CC1 2 

Diplu-iiy Midi lor- Pliciiyldilor- Phony Id idilor- Wuyiyltrhdilor- 

otliyloiie. 


eth\ lom>. 


otliylono. 


othylcno. 


But .addition is inhibited in the case of diphenyldinitroothylene, 
C,;ir-C(N0 2 ): C(N0 2 )C (i II-. 

Tho evidence is very conflicting. Bauer 2 adopts Hinrichsen’s 
view that negative group? in sufficient number and strength weaken 
the fourth valency of carbon, just as phosphorous pentaehlorido 
overloaded with negative atoms loses chlorine on heating, and passes 
to a state of lower and more stablo valency. Tho valency of carbon,' 
in tho same way, when overloaded with negative atoms or groups, 
tends to shrink and become tervalent. From t 1 is point of view' there 
is nothing remarkable in the existence of tri]/ienylmethyl (p. GO). 

Exactly similar views liavo been expressed by Michael 3 on tho 
instability of carbon compounds when charged with either negativo 
f or positive atoms or groups. Mctliano is a stable neutral compound 
because the negative carbon is neutralised by the four positivQ 
hydrogen atoms; but^if hydrogen is replaced by ail electropositive 
'hnjjal, as in the organo-motallic compounds, there is a surplus of 
positive polarity, and a consequent loss of stability. The combined 
loss of stability and active valency is, no doubt, a gradual one, and 
varies in different compounds, so thal tlur addition or removal of 
bromine is probably a reversible process, tho balance of which may 
Shift from one side, where no addition occurs under any circum- 

1 Annakn , 1897, 290, 231, 2G3. a Annukn, 1901, 330, 223. 

3 J. prakt. Chem ., 1899,/JO, 802. i 
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stances, to the other, where the ethylene compound is wholly 

gonverted into a definite and stable baomide. 

Addition of Nitrosyl Chloride. The lyiion of nilros/i chloride 
with uns^turated compounds was firat studiod *by Tilden, 1 who 
found that addition occurs in the case of limonene, pineno, tri- 
mcthyl-, tetramethyl-, and methylpropyl-ethylene, normal octylene, 
plienyleth^leno (cinnamei’ie), and cliphenylethylone, oleic and 
claidic acids, anethole and isosafrole f but not with acenaphthylene, 
eugenol, # safrole, w-nitroeinnamene, crotonic, isocrotonic, fu marie, 
and maleic acids. There appears to be no relation between tho 
additive power foiv nitrosyl chloride and that fee bromine. 

Addition of Nitrogen Trioxide. The property of forming 
additivo compounds with N 2 Oj is alsq found among tho terpones. 
Uhe nature of the product may vary according to the environment, 
giving rise to nitroso-nitro compounds or nitro-oximes. 2 

—C—*C— —(J— -C— 


N0 2 NO 

Nitroso-nitro. 




NO., NOII 

Nitro-oxiino. 


Addition of Nitrogen Tetroxide. Many of the terpones and 
unsaturated ketones 3 are knowi^ to form additive compounds with 
nitrogen tetroxide, forming nitrosates containing the group, 

- C—C- 

I I # 

no 2 ono 

which, in the case .of unsaturated ketones, readily loses IIN0 2 , and 
passes into unsaturu l ed ultra compounds. Schmidt * lias shown 
that with diphenylacetylone both cis and trails stereoisomers of 
dinitrodiphenylethyleno are formed, 

- c u it-. c ^ c. c c ir 5 

I I 

NO, NO a 

and ifiltz r * has found that this property is shared by tetrachlor- and 
tetrabrom-ethylone. In tho case of the tetraiodo compound, sub- > 
stitution of the iodine occurs. * 

Addition of Hydroxyl atfd Ozone. A characteristic property of 
the ethenoid carbon atom is its pow*r of taking^ up two liydrpxyl 


1 Trans. Chcm. Hoc., 1894,1, 321. 

8 Wieland, Annalen, 1903, 32tJ. 154 ; 1903, 329, 225 ; 1905, 340, 03. 

• Wielnnd ami Bloch, Annulen, 1905, 340, 103. • * 

* Ber., 1901, 34, 019. * Jtar, 1902, 35, 1628. 
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groups when oxidised by a dilute and neutral solution of perman¬ 
ganate, , usiially at the ordinary temperature. This reaction has 
been utilized in ascertaining the position of a double link as well as 
in effecting tho cleavage ofy the molecule by further oxidation at 
this point: )C = C< + H 2 0 + 0=>0(011)—C(OII)<. Many examples , 
of this reaction will be discussed in later chapters. Another property 
which appears to bo shared by acetylene^compounds ig, the union of 
othenoid compounds with ono molecule of ozone, forming a class of 
compounds known as ozonides. 

>C: C<+ O a =)C-C< or >C—C< • 

II II 
t 0-0—0 o j -o 

\/ 

*o 


The formation and prop'erties of these compounds have been 
exhaustively studied by Harries and his co-workers. 1 - They are 
obtained by passing ozonised oxygen (containing about five per cent, 
of ozono) into a solution of tho unsaturated compound ki an inert 
solvent along with a current of carbon dioxide, which diminishes 
tho risk of explosion, some ozonides being extremely explosive. They 
aro thick colourless oils, syrups, of gelatinous masses, which liblrate 
iodine from potassium iodide and bleach permanganate and indigo. 
They have a peculiarly unpleasant and suffocating smell, and somo, 
such as the ozonides of mesityl oxide and acrolein, are explosivo, 
btit not those of the unsatu^ated hydrocarbons, the simpler mombors 
of which are sufficiently stablo to be distilled in vacuo. With water 
thoy decompose at the origimfl double boiul into aldehyde or ketone 
and hydrogen peroxide. 


CII 2 —O v * 

| >0 +11,0 = 2IICII0 + II,O a ‘ 

Ethylene ozonido. Formalhehydo. 

In other cases, whom excess of ozono is used, tho ozonido breaks up* 
and gives the peroxide of tho one carbon group and the aldehyde 
or ketone of the other. 

CIU . 

\C-0\ - CII,V yO 

w I >0 - ■ >>C< I + RCIIO 

RCII-CX R/ \:o 


'f 

The formation of ozonides may be used for determining the 
presence and, frequently, the position of a double bond, and the 


1 Annaim, 1905, 343, 311 ; 1915, 410, 1. 
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process has been applied in the case of pulegone, pinene, and otlio r 
compounds. n f 

The fact that benfteno forms a triozonide may therefor^ be taken 
as evidence of the Kekulo formula, ^'his compound breaks up with 
water lik* other ozonides, giving throe molecules* of glyoxitf. 


X 

C1I 


0-0 


• .o— hq/Nci-i/ 


o 


°\ j 

\(J—nd 


J 


Jen. 


+ silo 


\r 


\/ N 0 

cn Y 

\>4 


Clio 

Clio ^CTIO 

i 

Clio yV HO 
* CIIO 


h JjTToOjj 


Naphthalene, however, only unites yptli two molecules of ozone, 
Ijoth of which are attached to the same nucleus, and consequently, 
according* to Harries, the two nuclei are differently constituted. 

The action of ozonaon aldehyde and ketone groups is to furnish 
one additional atom of oxygen, and form a peroxide, so that a 
substance like mesityl oxide, which contains a ketone group in 
addition to an etliyleno linkage : ”nites with four atoms of oxygen, the 
product breaking up with water into acetone (or aeotono peroxide), 
pyruvic aldehyde, and hydrogen peroxide : 

(U1I.,).,C: CII. CO. CIL + O. + O - (01I.).,C C1I.0.C1L 

"“I I II 

o o o 

\X II 

o o 

(CII. ) 2 C CII. C. CIL -I 211*0 - (Cn.) a CO + CIIO. CO. CII ;{ + 2ILO a 


o o 

\X 

o 


o 

II 

o 

or. m 


yO 

+ n.,o - (cn ,)c< | -i ciio. co. cii .+ir.,o., 

no 


Autoxidation. The behaviour of unsaturated compounds towards 
ozone leads directly to the action upon them of free oxygen, and to 
the explanation of thu phenomenon known as autoxidation, which 
was first studied by Schonlmn. Tho property which turpentine oil 
possesses when exposed to air of absorbing oxygon, which is thereby 
rendered active and capable of bleaching indigo, separating iodine 
from potassium iodide, oxidising arsonious to arsenic acid, &c., has 
long been known, and tho induced activity hap been variously 
ascribed to the formation, of ozone, hydrogen peroxide, and atomio 
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oxygen. A different interpretation of tho process lias beon offered 
by Mori(z l'raubo and Englonp and Weissberg 1 on tho following^ 
grounds : ^turpentine oil will retain its oxidising properties for years in 
the dark in ahsenco of air, a condition which would scarcely obtain if 
ozone or atomic oxygen were in contact with so oxidisable ^substance 
as turpentine. The oxygon which turpentine absorbs is not dis¬ 
placed by passing inert gases through tjjie liquid, indexing some 
form of combination. The 'activity cannot be due to dissolved 
hydrogen peroxide, since tho latter cannot be removed by shaking 
with water, whereas from an artificially prepared mixture it is 
completely extracted. Moreover, oxidised turpentine oil, unlike 
hydrogen peroxide, separafcas iodine fro*m potassium iodide in absence 
of an acid, and gives no blue colour with chromic, acid solution and 
other such as a trace of hydrogen peroxide will produce. On the other 
hand, tho oxidised turpentine gives the yellow colour with titanic 
acid, characteristic of all peroxides. Tho conclusion arrived at by 
the authors is that the oxygen attaches itself in the molecular form 
to the substance, yielding a peroxide which may undergo intra¬ 
molecular rearrangement into the ordinary atomic form, or may 
give up a portion of its oxygen ^ an oxidisable substance in its 
vicinity. In this way many substances which are not directly 
oxidisable by free oxygen can bo oxidised indirectly by the peroxide. 
The authors of the theory term *the peroxide or moloxide the 
aufoxidalor, tho substance indirectly oxidised. tho acceptor , and 
formulate the process as follows: ( 

AO« + «B Ac) + BO 

Autoxidator. Acceptor. 

i- 

A behaviour precisely similar to that of turpentine has been 
observed in the case of other unsaturated hydrocarbons, amylone, tri- 
mot hylethylone, hexylene, fulvene and its derivatives (Part II, p. 92), 
Ac., and may be represented as follows: • 

—0-_C-~ + 0 2 = — C—C- 

<u 

in which molecular oxygen adds itsolf to the ethenoid carbgn atoms 
after the manner of ozone. ” • 

TJho discovery by Baoyer and Villiger 2 *of tho existence #>f a 
delinste though highly unstable peroxide of benzaldehydo has 
afforded strong evidence in favour of the above view. The substance 

fc • * 

1 Vargthige der Autoxydation. Vieweg, Brunswick, 1904. 

* Her., 1900, 33,858, 1569. t « 
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was obtained by the action of hydrogen peroxide on benzafdehyde 
|ts a colourless crystalline compounds having an acid diameter and 
forming salts. According to Engler and Weissborg It if», produced 

by addition of molecular oxygen followed by intramolecular chango. 

* • 


c„n c cn:o -» c c it cii/V) 

f> ‘ 1 n \/ 

o . 


CJJ.C.O.OII 

II 

o 


Benzoyl liy«lropc*r<ycide. 

Bonzoyl"hydroperoxide has similar properties to oxidised turpentine, 
inasmuch as it is not only capable of oxidising a second substance 
such ,*is indigo, but can react upon itself and, by parting with an 
atom of oxygen to a second molecule of benzaldehyde, yield two 
molecules of benzoic acid: » 


* C G II,CIIO + C, ; II 0 CO : .T 1 - 2C g TT 5 COOII 
A*Similar process has been observed in the case of triethylphosphine, 
which, \yf absorption of oxygeu, forms a peroxide, (C 2 II.-,) ; ,I > 0„, 
capablo of reacting on the unchanged substance, giving two 
molecules of monoxide: 


(cyuvos -i (c,n,) ;i p = 2(C a ii .,) ;i po 

Many other examples of peroxide formation by absorption of freo 
oxygen might be quoted, such jIs the conversion of phenylliydroxyl- 
amine into azoxybenzene, 1 .‘flul /i-methylhydrindono into benzyl- 
methylketone o-carboxylic acid, 2 but sufficient has been state/to 
illustrate tho parallelism which oxists in the behaviour of free 
oxygen and ozone. 

But in addition to the secondary processes above described, 
namely, the. interaction of the peroxide compound with a foreign 


oxidisable substance, and also with itself, other secondary changes 
may and often do occur, such as the polymerisation of tho peroxide, 
observed in the cr«e of acetone peroxide, and the action of water on 
the yer xido, which may lead to tho formation of hydrogen peroxide. 
Tho appearance of hydrogen peroxide when oxidised turpentine is 
loit in contact with water has been explained in this way: 



yO . Oil * 

A< -» AO + TT.,0., 

\OH 


More recently, peroxidos have be on used for oxidising tho ethenoid 


1 Bamberger, Bn-., 189-1, 27, 1551. ‘ # 

* Kipping and Kalway, Trans. Client. Soc., 190'.), 95, 105. 
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group by delivering up an atom of oxygon. Ethylene oxides can be 

prepare^ in*this way by the of benzoyl hydroperoxide. 

O * 

* JL /\ 

. >C =.c< + C 6 H 5 db 3 H=>C-C< + c 0 h,co 2 h b 

The application of other organic peracids to tho oxidation of anhy¬ 
drides has also been studied. 1 

n *'' • 

Heterogeneous Addition.* We have so far considered the nature 
of addition where the constituents of the addendum are similar, as 
in bromine, or dissimilar, as in hydrogen iodide, and again where 
the etlienoid carbon^ atoms are linked to different groups. Thero 
is a third case where IxAh the ethenoid carbons are attached to 
different radicals, and the addendum consists of Jheterogeneous con¬ 
stituents. Examples of this iype are considered on p. 203, and need 
not be referrod to at length. The most interesting cases are perhapb 
those reactions in which the alkyl and acyl halide react with # tho 
metallic compounds of acetoacetic ester and Michael’s reaction 
(p. 202). Here tho electrochemical characters again appear to 
determine the course of the additive process, the positive and 
negative groups on both sides diVributing themselves in su<^ a 
way us to produce, according to Michael, the maximum neutralisation 
of affinities. 

For example, the negative iodine atom of tho alkyl iodide attaches 
it^glf to the carbon which is rendered positive by methyl and the ONa 
group, and the positive alk^l group to the negative carbon made 
negative by the associated carboxyl growp, that is to say, the 

ONa 

+ — | 

CII,. qONa): C1I. COOCJI, C1T ;1 .0—CH. COOCJI, 

I CII 3 1 CII 3 

— + 

= 01 i 3 . CO. CII(CII 3 ). COOCJI, +*NaI 
substitution is preceded by addition, an assumption which is fyy no 
means improbable. • 

In Michael’s reaction similar conditions are supposod to prevail. 
The union of cinnamic ’ester apd sodium malonic ester probably 
takes place as follows: , 

- + -. * * 

•> C U II-. CH: CII. COOCJI, C (1 1I,. CTI. CHNa. C00CJI 5 

* - + | 

(OJI^OOC^CU Na t - (C^I 5 OOC),CII 

* 1 Amer. Chew. Joitrn., 1U05, 32, 113. 
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An interesting .question arises as to what would occur if in tho 
first of these two reactions tho meta! were made less positivo and 
the addendum more* negative. What, in short, would happen if 
silver were substituted for sodium, amian afcyl fo^an alkyl radical ? 
The subject has been investigated by Michael. 1 He finds that if 
the relations of the two unsaturated atoms are so changed that their 
affinity to methyl is diminirhed more than that of tho metal-oxygon, 
the tendency of the reaction will be ^tnV'.irds substitution rather than 
addition. Silver acetoacetic ester and methyl iodido still givo«inethyl- 
acctoacetfc ester, but less readily and with decreased yield. If tho 
negative cliloroformic ester is substituted for methyl iodido, sub¬ 
stitution occurs and not addition, and the acidic group attaches 
itself to oxygen.® 

If, again, tho ketone group is made snore acidic, as. for example, 
ifl oxaloacetic ester, C 2 lL,OOC. CO. C1I 2 . C000 3 H s , tho alkali 
compound furnishes only a poor yield of C alkyl derivative, but an 
excellent ^ield of the O-alkyl compound, especially if tho loss positivo 
silver salt is used. 

The action on sodium acetoacetic ester of a strongly negative 
halide compound, such as acoM chloride, is interesting, for its 
tendency to unite with oxygon is small in spite of the presence of 
the strongly electropositive alkali metal, and consequently diaceto- 
acetic ester is formed : 

.OlI/’OGl -l OH,,. <3(ONn): CIT . COOC„II 5 
. - (OIL,. CO) 2 CII. COOC ,11, + NaCl 

It is not, however, cle;ft‘ from Michael’s theory why the union 
between acetyl chloride and acetoacetic estor, in presence of so weak 
a base as pyridine, should give rise to acetoxycrotonic ester, 
CII a . CO(CO. CH 3 ): CII. COOC a lI s rather than its isomer. 

Nef s has expressed much tho same view, namely, that the metal 
is attached to oxygen, and'that alkyl and acyl halides may react by 
t addition. He has'shown that by the action of acetyl chloride oa 
the spdium'compound both products, namely, a little O-acetyl along 

1 J. yraht. Chcm., 1899, 60, 310 ; see also La ruler, Trans. Chnn. Hoc., 1900, 77 , 
729. 

a This is# in accordance with a mom general law enunciated by Michael, 
whereby carbon, when attached to negative atoms or groups, shows less tendency 
to ctftnhine with itsolf (polymerise). Carbon monoxide can exist as a single 
molecule, but in union with metals polymerises, giving (CT)K) r /CO) f Ni, (CJL>; c Fu. 
On the other hand, the non-existence of methylene and mol hyl is due to tbo 
opposite tendency of the presence of electropositive atoms to cause polymerisa¬ 
tion (J.prakt. Chem., 1899, 00, 295). 

® Annalen, 1891, 266, 62 ; 1893, 270, 235 ; 1894, 280, 314 v « 
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with the C-acvityl derivative are formed. The main difference bo* 
tweon these observers is that Nt»f regards both the free acetoacetic ester 
ns well at its sodium derivative as possessing tne hydroxyl formula, 
a viow which has^since been disproved. Moreover, he assumed that 
the halogen united with the a-hydrogen of the ester father than 
with the sodium atom. He bases the latter view on the observation 
that benzyl chloride, and also acetyl fnd benzoyl cb 1 pride acting 
on the sodium compound, giv.p both mono and dialkyl and acyl 
derivatives, which he expresses as follows : 


CIIj.CONa-.CII.COOCall, = CH..C(ONa):C(C 7 H 7 ).COOC:H-.-* HC1 
6l C 7 II 7 *' 

CII 3 .C0Na:C(0 ; lI ; ).C00C a U- - CII ..CO.C(C 7 II f ),.COOCJI,-J NuCl 
Cl 4 h 7 

It seems improbable that if sodium chloride wore eliminated at tlio 
iirst stage the product, 'which contains a bcnsiyl group and is there¬ 
fore more positive, should deeomposo the sodium chloride and yield 
a sodium compound capable of reacting with a second molecule of 
benzyl chloride. lie concludes ££mt the direct exchange of njntul 
is not possible. 1 

There are, however, other explanations of the above processes not 
involving addition. The change of 0 compound to C-compound 
Height occur after substitution under certain conditions, although 
etlioxycrotonic and ethoxyfumaric ester are comparatively stable 

C.,11,0. C. C1I 3 C.,U'p. C1I 

“ ' II “II 

lie . COOC.JI-, (Jll . COOC..II 5 

Etlioxyci'otonic ester. Etlioxyluninric ester. 


substances, and it is not probable that in these two cases sncli a 
shifting of the alkyl group is likely to ocChr. The acyl derivatives of 
acetoacetic ester, on the other hand, are known fb undergo isomeric 
change of this character (Fart II, p. 663). . • 

dismissing the thorny of isomeric change afier replacement as 
improbable, there is another view which has been advanced by 
W. Wislicenus.® Direct substitution of metal by radical occurs 
under constraint, and is usually effected by means of an insoluble 
compound (silver s*ilt) in a non-dissociating medium (ether, benzene, 
&c.)~ Replacement by a motal (alkali) in a dissociating solvent and 
at‘a higher temperature brings about a ‘free reaction’, and with it 

* » * 

1 AniMlm, 1891, 260, 116. 

2 • Tuiitu.iiuriu Ahrens' Vo rlrtuje, 11*98, 2, 249. 
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indirect substitution. This latter effect is supposed to depend upon 
( tlie reversible nature of the free lq*nd of the organic' residue on 
removal of the m#tal, which may be expressed in t(ic ease of 
.*Vgetoacetic ester as follows: 

CIL. CO: CII. COOC 2 II 5 ^ CII ; ,. CO. CII. COOOJI ; 


and it wilPthus enable the”C-derivative to be formed. The first, or 
constrained process, produces an 0 ; derivative ; the second, or free 
reaction^ a C-derivative. * 

But if the formation of an O-derivative in ncetoacelic ester depends 
on a constrained reaction, it* is difficult jo act ount for the fact, dis¬ 
covered by Lander, 1 that 90 per cent, of C-ethcr is formed by the 
action of ethyl iodide in presence of silver oxide (which gives much 
the same result as the silver compound). 

Perhaps the most satisfactory explanation, as suiting the- most 
varied conditions has been supplied by Lapworlh (Part II, p. 1151), 
in which tlioro is an equilibrium established between the dissociated 
ions of the two metallic derivates, or, in other words, an equilibrium 
mixture of both metallic compounds is present: 


CII,. CO : CII. COOC 2 II 5 -» Mo 


X CII 3 . CO. CII. COOCJI, I Mo 


metal. 


which may shift from one *sido to tho other according to tho 
conditions of the reaction or nature of Mio reagent or both. * 
Primarily, no doubt^ electrochemical influences prevail, and 
determine combinations such as occur in the use of zinc alkyls 
and tho Grignard reagents. Michael would probably interpret these 
reactions by supposing the electropositive metal to link itsolf to 
oxygen in a ketone, or to nitrogen in a cyanide, and by neutralising 
the electronegative effect,of oxygen or nitrogen render tho adjoining 
carbon moro disposed to polymerise (attach itself to carbon), and 
thus at* rack an alkyl group. 


>C = 0 + Mg 


/ 

\ 


CII; 

Br 


- Nc/ 
/ \ 


OMgBr 

CII;, 


This examplo introduces a fourth typo of addition in which the 
atoms constituting bfttli unsaturated molecule and moleculft oi 
addendum are dissimilar. 

Examples of this type are very common, and may be briefly 

% 

% 

* Trap's. Chem. Soc., 1003, 83, 420. 
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enumerated. The addition products of aldehydes and ketones, C: 0, 
also of tkialdchydcs and thiolcrtovcs, (C: S), are as follows: t 


Reagent ‘IICN 
./OH 

Product )Cy 


NallSOj C^OII 

e /OH /OH 

r/ \n/ 


HPO, 


/OH 


^CN \nTI 2 ^SO.Na ^OC 2 H 5 \)P^(OH) 2 


This additive powor of the CO group falls away in something like the 
following order, depending upon* the naturo of tho attached groups: 1 
4 CO CO ‘ CO CO CO 


CII, C: C RO II.,N IIO 

* , * • 

Similar observations have been mado by Goldschmidt 2 op tho 
addition of ammonia to ketonic esters. 


In compounds of tho geneuil formula, 


R. C: 0 


• C1I 2 .C00C 2 U, 

the stability of the additive product decreases with increasing 

positivity of R in the following order: 

C G II,„ COOOfir-, CII ;{ . -■ 

Petrenko-Kritschenko i! and Stewart 4 have shown that with increasing 

negativity of the neighbouring groups the reactive power of CO for 

sodium bisulphite increases; with positive groups it decreases. 

TI 40 following percentages were obtained in thirty minutes with tho 

same strength of solution of sodium bisulphite : s « 

Acotoun . . . . 47 1 l’imic.olbio ... . 6-6 

Methyl ethyl kotono . . 25-1 Acetoacol ic ester. . . 56-0 

Methyl isopropyl ketone . 7*5 Acolono di carboxylic ester . 61*0 

Among othor unsaturated organic compounds which are capable 

of forming additive compounds under conditions, which have not 

been submitted to very careful or systematic examination, are the 

oximes )C:N01I, the mclhyleneimidcs —N:CfcT,, the azoimidos 

N 

—hV ||, the azo-compounds —N--N —, &c. 

•\n 

Tho next class of unsalurated compounds to which attention 
will bo directed is that in which moro than one double bond is 
present. This class may be subdivided into two groups: one in 
whicj,i tho unsaturXted atoms are similar add adjoin ono another, 
< 

1 Vorhinder, Jlnnalcn, I‘.103,341, 0. - Her., IS '.Hi, 20, 105. 

s Anna\n, 15)05, 341, 150. . <• Tiaus. Clum. Hoc., 15)05, 87, 186. 

R As tho nuinboitf'refur to the quantity formed in a given time and not to the 
reaction velocity, .they are not strictly comparably. 
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and have consequently a carbon atom in common, as in allene 

CII 2 :C:CIT 2 . and carbon suboxide CO : C : CO, or in which tho 
unsaturated atoms ato different, as in ketene and its derivatives, 
: C: O ; and ono in which the unsfcturatbd a topis are separated 
by one or fliore carbon atoms. 

Members of the allene series are very few in number, and havo 
been liltlo svdied. They fl£e obtained by the action of metals on 
the dibromo-olelincs and removal of bromine as metallic bromide. 

CII 2 :CBr. CII a Br CII 2 :C:CIT 2 # 

Dilinminpropylcue. Allcue. 

In presence of sulphuric aeidjthey take the, elements of water 
and form ketones, and further undergo isomeric change, on heating 
with sodium, into the corresponding acetylide, 

CIT 2 : C :CII 2 -* CH :J .C : CII 

*Tlie Xetenes, Carbon Suboxide (C ; 0 2 ). The class of compounds 
known as ketones have the general formula^ E a C : CO. They not 
only serve to illustrate *the various types of reactions characteristic 
of unsaturated compounds, but afford an insight into tho increased 
reactivity produced by the adjoining double bond on tho ketone 
groffp. Tho parent substance, CI1 2 : CO, was obtained by Wilsmoro 1 
by heating acetic anhydride, acotic ester, or acetone by means ot 
a glowing platinum wire, and byaSchmidlin * by passing tho vapour 
of acetone through a red-hot tube. 

ClI.,. CO . CII. ---= CTTo: CO + CII 4 • 

Staudingor 3 obtained various ketene derivatives, such as methyl* 
ketone CII ; ,. CII: CO, dimethylketeuo (CII 3 ).,0 : CO, phenylketono 
C„]L-,C1I :CO, and diplienylketenc (C fi TL,) 2 C :CO, by acting upon the 
halogen acid chloride or bromide with zinc. 

Cli 2 Cl. COC1 + Zn = CIi 2 : CO + ZnCl 2 
Carbon suboxide C ;; 0 2 , which may bo included in tho same group 
of unsatitrated ketoi^s, was obtained by Diels and Wolf 4 by distilling 
in vacuo a mixture of malonic acid or its ester with phosphorus 
pcnloaido, 

CII a (COOII) 2 == CO : C : CO + L>II 2 0 
or by acting on dibromomalonyl clilorido pith zinc filings. Both 
ketone andacarbon suboxido aro colourless and poisonous gases, with 
an unpleasant and penetrating smell. Ketene can be liquefied at 
— 50 ', carbon suboxide al 7° Staudinger dividesIhe other kotvies 
into aldoketenes of the formula RCII: CO and ketoketencs R a C : CO. 

1 Trims. Chem. Sac., 1007, 01, 19*38. * Her., 1910, 43, 2821# 

3 Die Ketene, by II. Staudinger. Enko, Stuttgart, 1912. • 

<• Her., 1900, 30, 689. % 

• • 
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Tho former are colourless, the latter yellow or orange gases or 
liquids (they are all extremely reactive, uniting not only with the 
usual addenda characteristic of ethenoid compounds, such as the 
halogen acids and halogens, c orming acid chlorides and halogen acid 
chlorides, but also with water, alcohols, mercaptans, primary and. 
secondary amines and acids. In none of these reactions, howevor, 
do they resemble true ketones, but rather compounds oJf 4 ;he carbimide 
typo CO: Nit. ■* e 

With water, ketone and carbon suboxido form respectively acetic 
and malonic acid, 

CII 2 : CO + II 2 0 = CII.,. COOII 
CO : 6 :'00 + 211,0 - CH 2 (C00iI), 

With alcohol, they yield acetic and malonic ester, 

CII 2 : CO + C 2 II,OII - CII ;j . COOC 2 II 5 
CO : C: CO + 2C 2 H-01I = CH 2 (COOC 2 1I 0 ) 2 
With aniline or ammonia, the ketenes yield anilidos or amides, 
CII 2 : CO + NIIoC ri II, - CII,. CONHC ( ;H 5 
(C fl II 5 ) a : CO + NIL = (C u lI 5 ) a CII. CON II, 

With acids, anhydrides are formed, 

(C fi TIr,),C: CO + C.JL.COOII - (C (; II-),CJT. CO. O. COC 0 TI 3 

/COO.COCII, 

CO: C: CO + 2CII a C00IL = CIL< 

“Nroo.cocn, 


-CII 2 < )0 -+ (CII a C0) 2 0 


A second typo of reaction is presented by the union of two or more 
molecules of ketone ; in other words, by polymerisation. Whilst the 
kotoketenes aro more disposed to form additive compounds, the 
aldoketenes are characterised by their remarknblo tendency to 
polymerise. In the latter case polymerisation takes place so rapidly, 
oven in dilute solutions, that tho aldoketenes cannot bo prepared in 
a pure state. The kotoketenes polymerise more slowly, dimethyl* 
ketone requiring from one to two hours at tho ordinary temperature, 
whilst diplienylketeno will remain unchanged for months. Spon¬ 
taneous polymerisation, that is, at the ordinary temperature and 
without the use of reagents, leads to cyclobutaue derivatives: 

R a C CO 

2R a C: CO -» | | 

OC CR 3 

A third type of reaction is illustrated by the formation of an 
additivo compound followed by cleavage into two new molecules. 
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* « 

This is best shown by the behaviour of oxygen, witli^which more 

especially the ketoketenes unite. By passing oxygen into dimethyl* 
or diethyl-ketene at -20°, white amorphous compounds separate 
Tyhich in the dry state explodo violoSily ;*but suspended in ether 
they bredk up into carbon dioxide and the ketouo 


E 2 0 vOO 
+ 

0—0 


R.,Cs-CO 

"\/ 

o 

II 

o 


R.C 

"I 

o 


CO 

i 

O 


B a CO 

co t 


Tho reason for introducing a second intermediate dioxido si ago 
between ketene and ketone is tho existence of keteno oxides of tho 
formula, 

R.C-CO* 

\/ 

o 

f 

I 

which in Die ease of phenylmetliylkelene and diphenyl keteno appear 
in considerable quantity along with the dioxide. 

Finally, there is a fourth typo of reaction illustrated by the union 
of4he keteno with a second unsaiurated molecule, containing one of 
tho following groups: 

C:C, C:0, C:N, 0:S, N:(), N:N. 

A four-atom ring is first produced, which more or less easily breaks 
down into two new molecules. 

With lcctoncs, for example, the following reaction takes place: 


R,C: CO 
R.,C: O 

•d 


R.C 

“I 

r 2 c 


CO 

I 

o 


R.C 

“II 4 CO, 
E 2 U 


The addition may occur in two ways, and it has actually been 
, observed in the case of the compounds with tho carbimides thus: 


R,C: CO 

R,C: CO 

+ 

-i 

R,C: NR 

RN: CR, 

1 

’I 

R..C—CO 

1 l 

R,C—CO 

1 | 

1 • 1 

R a C—NR 

1 1 1 
RN- CR. 


Where union with nitroso compounds occurs, such as diphenyl* 
ketene with nitrosobenzene, combination and cleayago folfow two 
directions: 
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, (c 0 H.) a c-co (c c iy a c co 

l I „ — II+11 

0~NC.II, o NC r> II 5 

(CJI,),(;-C6 (C i; H-,) 2 C CO 

II— II + II 

C, ; II 0 N -0 C.II,N 0 

Thus ovory typo of reaction id represented, and should bo 
obsorved that in addition to tlio foregoing, additive compounds 
aro formed with pyridine anil quinoline, acid chlorides, hydrogen 
.cyanide, and the Grignard reagent, yet in no case is the behaviour 
that of a true ketone. This difference in character may bo ascribed 
to the presence of two adjoining double bonds, which not only 
enhance the reactivity of the molecule, but fundamentally altor the 
ketouie character of the subriauce. 


/\ 


\/\ 

|0(CIIJ 2 

ClCII ;{ ) 2 

Di mot liy Ikutone-py rid i no. 


N 

00 


A group of compounds termed helimims of the general formulae 
R. CII: Nil R. CM,: Nil 

have more recently been obtained by Mourcu and MignonUc 1 by the' 
action of ammonium chloride on the product of the action of the 
Grignard reagent on the nitriles 

R. C(: NAIgBr)R, t NI^Cl - RR,C : Nil -I- MgCIBr + NIL, 

They are low-boiling basic substances which combine with acids 
forming crystalline salts, readily decomposed by water into the 
ketone and ammonium chloride '• 


Rl^C : NI RC1 + ILO = RI^CO + ftll^Cl 
Conjugated Double Bonds. This term has been applied id’those 
unsaturated compounds in which tho unsaturated groups havo no 
single carbon atom in common, but the pairs of doublo bonds aro 
separated as in isopreno or butadiene, acrolein or glyoxal.*- 


CIL,: C(CIT..). CII • CII* CII 2 : ClL. CII: CII* 

Isopiene. Ilutmliune. 


C1T 2 :CIL.GII:0 

Acrolein. 


O: CII. CII: O 

Qlyoxal. 


1 Comp, rend., 1918, 150. 1801. 
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I 

Under certain conditions of atomic environment such a grouping of 
double bonds exhibits abnormal che! lieal behaviour and abnormal 
physical properties. For example, muconic acid on reduction or 
bj’omination docs not unite with four »,tom£ of eiydi element, as the 
existence f>f two pairs of double bonds might lead one to expect, but 
only two atoms are absorbed, and attach themselves to the at carbon 
atoms at either end of the ohain, a process which is accompanied by 
a shifting of the double bond to the -Tinti'llo position. 1 

IIOOC. C1I: CIT. CIT: Oil . OOOII 

Muconic acid. 

IL Ur, 

^ * • \ 

IIOOC. CH a . CII: CII. CII,.. COOII TIOOC . CIIHr. CII: CII. CITBr. COOII 
llydroinucouie. :uid. Muconic acid (lil)i'omidc. 

^jmilarly, diphenylbutadiene unites wifli nitrogen tetroxide to form 
a 1.4 dinttro compound.* 

Cjl 5 CII: CII. CII: CII. C«ll, + N 2 0 4 

* - C li lI-CII(NO J ). CII: CTI. CIIfNO.KIoII.,. 

That the positive hydrogen atoms should seek the most negutivo 
carbon atoms is not surprising, ai d those are situated at the end of 
the chain; but that the negative bromiuo atoms and nilro groups 
Bhould act similarly introduces a difficulty for which an electro¬ 
chemical explanation seems insufficient. Moreover, there is no 
apparent reason wh>, supposing the first two atoms to enter tlio e»^d 
positions jn the chain, reduction or brominatiou should stop, as 
it does. • 

Thiele’s Theory. To account for this and similar phenomena 
J. Thiele 11 has introduced his theory of partial valencies. 

According to Thiele the valency of unsaturated atoms, which are 
usually denoted by doublo^or treble linkages, is not wholly utilized, 
but sonfo forco of affinity remains as a residual or partial valency, by 
• virtue of which the proeoss of addition is initialed. These partial 
valencies are indicated by dotted linos. 

C—C C—O C—N N—N 

: • i ■ ! : • • 

Etbyleife, for example, attaches bromine in the first instanco by 
its partial valencies, wljieh change to a full valency simultaneously 

with the appearauco of a singlo linkage in place of the double Bond. 

• 

1 Annalen, 18S3, 210, 171 ; 1885. 227, 40 ; 1889, 251, 257 ; 1890, 250, 1. ' 

3 Straus, Her., 1909, 42, 2800. *' » Amuilcn , 1899. 300, 87. 
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. i 

H,C ILC- Br II,CBr 

, * “II + Br a —,11 -* I 

1I 2 C. 1 II 2 C -Br , II 2 CBr 

The electrochemical nature pi the elements determines the process 
of addition ; for example, N=N has no affinity for chlorir.e and no 
addition of this element 000111 * 8 ; hydrogen unites with oxygen rather 
than with carbon, the acid radical witty carbon rathej than with 
hydrogen, and so forth. < 

* I 

The Cxistonco of residual affinity in unsaturated atoms agrees with 
Thomsen’s 1 calculation of the thermal value of an ethylene bond, 
which he finds less than that of two single linkugea 

Passing to the case of two adjoining pairs of double linkages 
referred to at the beginning of this section, Thiele supposes the central 
pair of partial valencies to neutralize one another and loso their activity 
like the opposite poles of two magnets when made to touch. The 
union is indicated by a curved line and is termed conjugated, and the 
whole arrangement a conjugated double bond. ,In this way the partial 
valencies of only tlio end atoms remain active and capable of 
attaching new atoms, whilst the conjugated atoms are inactive. 

C—C—C—C C—C 0=C 


Compounds with conjugated double bonds arc therefore more 
saturated and, as wo shall see later (Pjirt II, p. 07), have a smaller heat 
of combustion. The same thing is supposed to ocqur in unsaturated 
ketones and in diketones and acids. „ 


()^C-C=C 0=0—C=0 

■ • • ■ 

As soon as addition has taken place the conjugated bond changes 
into a normal double bond, and in this way reduction or bromiuation 
of the ond carbon atoms is effected. 

1 

The following are a few examples. Phenylcinnamylacrjlic acid 
gives on reduction and bromination the 1.4 diliydro and dibromo „ 

acid respectively. 2 < 

f 0 C 0 II,CII 2 . CH: CII. CII(C c II 5 ). COOII 

C fl II 5 CII: CII. CII: C(C 0 H 5 ). QOOH^ 

Nk * 

, cji, . ciiBr. cii ? cii. cbi<c c h 5 ) . qoon 

I u 

The aft unsaturatod acids with the conjugated grouping 


1 ZeA. physik. Clpn., 1887, l‘, 309. 


2 Annalcn, 1899, 300, 201. 
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KCH—CII. C^O 1 

I 

JII 

do not unite with bromine as readily qr as .rapidly as tho J3y acids 
K*CII—CH.CH 2 .C=0 < 

| , which are uncon jugatod and therefore less 

Oil 

saturated. Tho rate of liydVation of saturated and unsaturated an¬ 
hydrides shows great differences, wilipli are ascribed to conjugation. 
Maleic acid, which contains conjugated double bonds, undergoes 
hydration ten times as quickly as succinic anhydride. 1 

CII -Cf CII„-Cf 

II >0 I ■ >0 

cir—c< (jii,—c< 

Recording to Thiele’s theory benzil should give on reduction 
diphenyletliylone glycol, whereas benzoin is Actually formed. 


H,C c C U II 5 

I I 

o v c— C-0 


should 

give 


n,c 0 




but 


II 5 C 0 C.H, 


110. -C. OH 8lvos 0=-C—CITOII 


Brazil. Diplienyluthylonu glycol. Benzoin. 

How is this to bo explained?* Thiele attributes the final stage to 
isomeric change of the very labile intermediate product. Supposing, 
. however, reduction to be effected in presence of acetic anhydriflo 
and sulphuric acid, the aqptyl derivative of the intermediate glycol 
should bo formed and isomeric change arrested. This is precisely 
what happens. Two stercoisomoric diucetates of diphcnylethylene 
glycol are formed. 


n 5 c 0 


CUE 


» CIT 3 0t). OC — CO. COCII 3 

Similarly, benzylideno acetone should give hydrocinnamyl methyl 
keloite in place of the unstable alcohol. 

CH ;J CII a 

C 0 II 5 . Clfc=C--C -O -■» C c II 5 . CII 2 . ClI—C—Oil -> 

• *. C^II-CJIjj. CII 2 . CO. CII 3 

But Harries finds that the reaction proceeds otherwise, and* that 


* Rivutt and Sidgwick, Tram., W10, 07, 1077. 
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two molecules of benzyLidene acetone join up to form a saturated 
double ketone. 


<jW 

C 0 II, 

1 

C,n 5 

* CII* • 

CII- 

1 

-CII 

ll -> 

1 

1 

OH 

CIT g 

1 

CII a 

| 

CTT.. CO— CII . 

1 ) 1J 

.CO 

| 

CO. CII., ‘ 


The reaction is explained .’.>y supposing that the electro negative 
oxygen lirst unites with hydrogen, and the alcohol tlu\s formed 
. isomorisos to the ketone form. This leaves the partial valencies of 
tho carbon free to anite jvith hydrogen or with ■*. second molecule, 
and it is tho latter process which occurs. 

Tho reduction of muconic acid is also rea<Kly explained. As it 
contains three conjugated 'linkages only the end oxygen atoips 

mi 

possess partial valencios and the end groups C\ isomerisfi to 

- X)II , 

carboxyl by passing on an atom of hydrogen to tho a carbon. 

on on 

I v I 

o -o—cn- cn—cn ctt— c o 

! ! 
ivlucunii! acid. 

IIO^ 

no/ 

InkiTmediate fonnV 

on on 

I I 

o -o- -ciio-cn ~cn-cn 2 . u—o 

llydromuconic acid. 

The theory explains, moreover, in a simple fashion whyfumaric 
ucid is more easily reduced than crotonic acid, since electropositive, 
oxygen attaches hydrogen more readily than carbon. « 

' on * on cn :j * on 

I I II 

o^c-cn Gri—a- o cn^cu—c -p 

, l-'umarie acid. .Crotonic acid. ‘ 

1 

This may also explain why tho halogen enters the ft position, where 
halogen acid combines with an unsaturated acid. In acrylic acid, 


C^-CII -CIL-CII- CII^C^^ 
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1 


O'7 

0 4 


for example, the hydrogen attaches itself to oxygon and the laomino 
to carbon. 


OH 


CIIjj-^CH—C—O 


Acrylic acid. 


..oil 

cn 2 -cn=c< 

I x>n 

Br 


CII.,Br. CII,. CO. Oil 

j9-l>r«in<>pn>])iuni^ acid. 


In the same way, when'addition of water or ammonia takes place, 
OlI«and NII 2 unite with the ft carbo* and hydrogen to the r* carbon. 
It is not therefore due to the negative addendum being repelled by 
the negative carboxyl group, as frequently assumed. Ammonia cont¬ 
inues with phorone thus: » • 


Cir. v yCII.. Cll.v /CII, 

‘ >C:CH-CO.CII:C< >C—CIT 2 -CO.GII:C< 

CII/ NjII, CIP/| X CII, 

• “ . Pliorono. ‘ mi, 

Thiele’s theory also explains the addition of magnesium acyl or 
alkyl bromide to unsaturaled ketones and esters; but the position 
taken by the radical is here found to depend on the naturo of the 
radical already associated with tbe ketone or ester group. In the 
cifte of cinnamic ester, a phenyl or cyanogen group attached to the 
« carbon will cause the acyl group to attach itself to tho ft carbon, in 
the case of a methyl group to the a caJjou. 1 


Crossed Double Bonds. An example of what arc tormed crossed 
double bonds occurs in dy>cnzalpropionic acid. 

1 2 3 4 

C 0 II 5 C1I —6 - CII—CII. CJT, 

I 

- C=-0. 

• I 

OH 

* Here it will ho observed that a conjugated system may be formed 
between the diffeient pairs of carbon atoms. 

C c n 0 ClI=C^CII—CII. C 6 II 5 

(I 

• C—0- 

I 

OH 

Such an arrangoment presents two alternative ways in wliid^addition 
may occur, the nature of the product depending* on that of tho 
Kohler, Amer. Chcm. Joum., 1905, 30, 599 ; 1900, 37, 309 ;*19p7, 38, Oil. 
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addendum. In the case of bromine it is scarcely surprising to find 
that it attaches itself to carbon ^atoms 1, 4. Hydrogen and halogen 
acid, on the other hand, distribute themselves between oxygen and' 
the nearest carbon atom. • With hydrogen the following compound 
is formed: * 

CJI,. C1I,. CII. CII—CII. C 0 II 5 

cooii 

» 

It should, however, be pointed out that in addition to the *1.4 
dibromo-additivo compound, a second, 3.4, compound ^is also 
produced. How is the latter accounted for V Thiele lays emphasis 
on the fact that the - partyil valency of the central carbon, 2, by 
being distributed between its two neighbours, does not neutralise 
their activity, and some is available for additive purposes. Hence 
the dibromo derivative appear^ : 

C ti ll,. CII: C . ClIBr. ClIBr. CJI-, 

* COOII 

« 

Borsclie 1 has recently shown that the union of ethyl acetoacetato 
with certain ketones containing a system of crossed double linkages 
O v 

|| depends on the length of the chain. If tlio chain is 
CrC.C.C 

sufficiently long the ends may approach ono another so closely that 
a part of the residual affinity is saturated, and .will not unite with 
the ester. This is the caso r willi dicinnamylideno acetone, but not 
with distyryl ketone. * 


4 * 


CJL.cn CITCJI, 

II II 
no o on 



cjicri CH.C.JL 


iiq 




CII 


II |) 
c N Jen 


oir on 


ii 


Sufficient has been said to indicate the general nature of the 
theory, and tho resources available for mooting apparent anomalies. 
Before discussing tho exceptions to tho theory, it may be well to 
consider its application to the ^aromatic series of compounds. Its 
application to tho benzene formula is fully discussed 4 (Part IT, 
chap, vii), and littlo more need be said on f.lio subject. In infer¬ 
ence 'to it Thiele says : 4 as by tho neutralisation of the partial 
valencies tho original three double bonds vanish, no distinction can 
be drawn between them v and the secondary (conjugated) double 
bonds. Benzeno contains six inactive double bonds. Thus,, the 
difficulty presented by tho two ortho positions, 1.2 and 1. G, which 


1 Annahn, 1410 , 375 , 145 . 
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Kekule attempted to meet by the aid of*his dynamic hypothesis, 
disappears. Benzene may bo, therefore, represented by tlio formula, 

II ’ 

G . 

nc/Vn 


ud 


\/ 

c 

li 


ton 


if it is desired to attach weight to its saturated character and to tho 
equality of the ortho positions.* • 

Thiele has applied the thlory in a vfricty>of ways to explain 
certain characteristics of benzene derivatives. Phenol, for example, 
is distinguished by iis high reactivity, which it loses to some extent 
in its others and esters. 1 Assuming tlufi. it may react in its isomoric 
form of katone, tho partial valencies will at once como into play. 


0 - 


o ... 

II 


II 



| 1J 2 

v"-- 


v- 

H 2 

• 


a 


The reduction of tho aromatic acids 'see Part II, p. 397) may be 
considered from tho sanyo point of view as that of muconic acid 
(p. 133). On the reduction of tereplithalic and phthalic acids, the 
hydrogen attaches itself to tho a carbon atoms. 


Oil 


D 


\^V=o- 

I 

• on 


. /Oil 

- 5Y° X “I - 

\oii . 

Reduction of Phthalic acid. 


/\/ coon 

\n 

.00011 

\/\ u 


1 That tho phenols show greater reactivity tlian their elliors, and that they 
react in tho ketone rather than in tho enol form, lias been questioned. Iv. 11. 
Meyer and Lcnliardt, Annalen, 1013, 308, 0U. t 
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< 

( 


1I0-C-0 ■ 

• I) 


I) 




\ C' 

HO -C O 


IIO-C-OII 

. 11 

• ^ 

* 


II COOII 

\/ 

• /\ 


/\ 

II COOII 


no -c-oii 

Ho lnrtion jif Turephthalie acid. 

i- \ * • 

The qiftnoneg furnish an interesting case, hccauso addition may 
occur in dilforent positions, and the differences observed •may bo 

ascribed to the nature of tho entrant atoms and groups. 

• I * f 


0 

II 

...,^N ... 

I 

" V'" 

II • 

(>■■•■ 

?)-Quin«no. 


o.... 

I (I .0... 




o-Quinone. 


Hydrogen attaches itself to oxygon, and (piinol and catechol resul^. 

OH 



Oil 



That red notion is arrested at this stage naturally follows. Halogens, 
on the other hand, will seek tho carbon atoms and di- and tetra- 
chloroquinones will bo formed. Halogen acid will distribute itself 
between the oxygen and the nuclear carbo*n, and, according to»Thiele, 
M ill pursuo the following course : • 



The quinonimines will act in a similar fashion. Quinoncdiimino 
on reduction should produc e p-phenylenediamine, whilst sulphurous 
acid should rejict like hydrogen chloride,«the acid group remaining 
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| • 

attached to the nucleus, and tlio hydrogen passing to the imino 


group. 

NIL, 

Jill 

Nlf 2 

* 

Nir a 

1 

# y\ . ( 

1! 

> ✓ 

1 . 

! 

1 

*— 

\J 

J 

V 

li 

| 

1 

{» 

V \so .11 

IL . J 

1 J 

\/ S0 "‘ I 

1 

ttir, 

Nil 

Nit 

NIT,.* 


Meisenheimer 1 has utilized the idea 01 ' partial valoncies in order to 
explain certain reactions of nitre compounds, such, for example, as 
the formation of alkali salts of trinitrobonzeno and trinitrotoluene in 
alcoholic solution, and their combinations with potassium cyanide. 


II OCII, 

\/ 

o.n/^no. 


V 
II 

N O 
I 

OK 


n on 

s / 

0,n/ ,N(L 


\/ 

il 

N 0 

I 

OK 


In naphthaleno tlio distribution of partial valencies and their 
conjugation will appear as follows : 



/^4«\ 

> 1 (i 


Tlio partial valencies eff the two central carbon atoms will not 
suflico to neutralist those in the a positions, and consequently thov 
are the most easily attacked ; for if is well known that substitution 
takes placo in these positions. Supposing that on reduction hydrogen 
enters positions 1.4, what will be the effect ? The half partial 
valoncies of the two central carbon atoms* will bo withdrawn from 
this pair, and consequently those directed towards 5.8 will ho full 
partial valencies, or, in other words, tlio unreduced ring will be trans¬ 
formed into a true benzene ring, whilst tlie oiher ring can take up 
twofurtlierhydrogen atoms, as Bamberger has found (Part TIT, p. 2$3). 


lAnwlen, 1902 , 323 , 219 , 211 . 
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I) 


i 


•\7\/' r 

IT, 


H, 

I) II 1 
\^\/ Ala 
ii. 


Anthracene in the same way may be represented by the formula: 


i w 

f II II (I 

wy 

I : ' 


Thiele claims for this formula the advantage that it explains the 
well-known reactivity of the para-carbon atoms of tlio central 
nucleus, a view which has been developed by Meisenlioimor 1 «n 


relation to tho nitro-dorivatives. 2 
Fhenanthreno has tile formula, 


< 


II(J UII 


which explains the peculiar reac^vity of tho IIC~CII group. 

Tho effect of conjugation is not manifested only by chemical 
behaviour, but is seen in the enhanced optical activity, magnetic 
rotation, and refraclivily described *«n Part II, pp. 28, 53, and 223. 

An interesting extension of Thiele’s theory has been brought for¬ 
ward by Robinson and Hamilton. 3 From thoir own and Decker’s 
observations 4 they conclude that tervahyit nitrogen may act as a 
member of a conjugated systom. They have been able to show that 
where the group 


R,C = C-NR 2 (R 2 = alkyl or II) 
occurs, whether the nitrogen forms part of a chain or ring, both 
alkyl salts (alkyl acid sulphates and alkyl, iodides) attach themselves 
to the end atoms, the alkyl group (R) joining the carbon atom and 
the negative group (X) tho nitrogen with tho usual change of linkage * 

R a C—C - NR, 


R X 


This may take the form of direct addition or lead to a secondary 
process of hydrolysis, as illustrated by the. behaviour of /3-die thy 1- 

1 sinnulcn, 1002, 323, 204. 

* It should bo pointed out that, though there may bo more free valency at 
tho disposal of the two central carbon atoms, tho para-carbon atoms in tho two 
sido rings aro in a condition precisely similar to those in the a positions in 
naphthalene. • 3 Tnins. Chew. Soe., 1916, 100, 1029, 1038 ; 1917, 111, 958. 

4 Her., 1901,37,523; 1905,38,2893. « * 
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aminocrotonic ester with alkyl iodides giving, by hydrolysis with 
water, methylaceloaeetic eater. 

The action is explained as follows : 

cn ;l r, 

• (Cjjiy^N . c(cn 3 ) : C1I. co 2 r 

IN(C 2 1I^) 2 . C(CII,). CII(CII ;! ). CO..R -» 

0‘. C(CII :i ). CIICII,. CO,R + NIT a (Cjr.).J 
To <?xplain the behaviour of nitrogen in this addition process, the 
authors consider that it possesses (in addition to two latent valencies) 
two partial valencies, and that the normal valency of every atom may 
be accompanied by a partial valency. They deduce a number of 
interesting results from this theory, and suggest that oxygon (fossossos 
partial valencies, thus explaining the formation of alkyl derivatives 
acetoacetic ester by the attachment of iodine of the alkyl iodide to 
oxygen aiTd the methyl group to carbon of the sodium compound. 

Like most chemical theories, that of Thiele has hecomo an 
attractive target for the shafts of criticism. Tt has been attacked by 
Michael, Hinrichsen, Erlenmcyer, and others on the ground that it 
is not only unnecessary, but tha the numerous exceptions which 
have been observed render it untenable. Michael 1 accuses its author 


of adopting or discarding, as may suit his purpose, the positive- 
negative rule (seo p. 113). lie ’points out that Thielo assumes that 
in certain cases the atoms or'groups of tho addendum distribute 
themselves according to their oloctrochunicnl character, but that the 
addition of halogen acids^uid ammonia to unsaturated acids is based 
on an entirely different conception. Again, in dibonznl propionic 
acid (p. 137), the two carbon atoms with the strongest partial 
valencies are 1.4, and consequently the 1.4 dihromo acid should 
of the two bo formed in larger quantity, whereas tho 3. I dihromo 
compound predominates, a These and other additive processes find, 
according to Michael, a readier explanation by tho aid of tho positives 
negative re jo, llinrichsen, 2 like Michael, assails the theory on tho 
ground that it attaches too little weight to tho electrochemical 
nature of the additive process; ‘the constitution of a substance 
produced by tho addition of atoms and radicals to unsaturated 
compounds is determined in tho first place by tho qualitative 
relationship existing between tho addendum on tho one burnt and 
the atoms or atomic groups present in tho unsaturated inolecttlo on 
the othov.’ Among tho many exceptions to Thiolo's theory tho 
following may be cited : , 

1 J. i'rakt. Client 1899, 00* 4C7. * Annalcn, 190*, 330, 171. 
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Michael's reaction (p. ^02) and the addition of sodium malonic 
ester to cinnamylacrylic ester, 1 ( 

C c II 5 CII: CH. CII: CII. COOC.,II 3 C (i II ,-C II: CII. CII. CIINa. COOC 2 II 5 

I 

+ NaCII(COOC a lI-) 2 CII(COOC,H,) 2 

the Edition of bromine to cinnamic acid, which follows tho normal 
course, the reduction of cinnninylformio acid to phenyl-a-hydroxy* 
isocrotcunc acid, 2 ^ > 

C U II-,CII: CII. CO. COOII -» C a II,CII:CII. CII(OII). COOII, 
the addition of hydrogen cyanido and magnesium methyl iodide to 
tho CO group of cinnfainic i Idehyde, 3 

,011 .OMgl 


' t 
•I 


C e II,ClI:CH.CII 


\ 


CN 


C (j ir,.CII:CII.CII 


\ 


CII, 




tho addition of bromino to diphenylbutadieno 4 and to cinnamylidone- 
malonic ester, both of winch yield 1.2 dibromides, 

CJL.CIIBr. CIlBr. CII: CII. C U II„ 

C u H-CIIBr. CIIB^ CH : C(COOC jl,) 2 , 

and the reduction of dibenzalpropionic acid, which also gives a 1.2 
dihydro derivative, 

CqIT.CII : CII. CII(CCUI). C1I 2 . CJI-. 

.Apparent exceptions in the case of 1.2 additive compounds of 
unsaturated ketones and esters with ammonia, 5 * hydroxyl amine, 8 
hydrogon cyanide, 7 and sulphurous acid' 1 may be explained on 
Thiele’s theory by including the CO of tho carboxyl group in tho 
conjugated serins, and assuming isomeric changes to follow thus: 


)C—C — C—0 i NII a 0II -* >C-C=C-0 -» >C-C1I C-0 

i I i I J I 

NIIOII II NIIOII 

t 

>C=C-C--0 I IICN >C—C—C—0 >C-CII-~C=-»0 &c. 

1 i > L 1 I 

CN II CN 


1 Vorlsindor, Her., 1«J03. 36, J330. . 

2 Erlomnoyer, jun., Her., 1003, 30, 2529 ; 1901, 37, 1318. 

* Kolilor, Am. diem. J., 1904, 31, 042 ; 1905, 33, 153, 333 ; 1907, 36, 529. 

4 Oralis, Bcr., 1909, 42, 2800 ; ltiiber, Her., 1911, 2974. 

6 Kf.ehl and Dinter, Bar., 1903, 36, 172. 

8 Harries, Her., 1897, 30, 230; 1904, 37, 232. Posner, Bcr., 1903, 30, 4305; 
1907, 40, 218, 227 ; 1909, 42, 2785. Riedel and Schulz, Annnhn, 1909, 367, 14. 

7 Lapwgrth, Tunis. Client. Sue,, 1903, 83, 995; 1904,85, 1214. Knoevenagel, 
Bcr., 1904, 37, 4065. 

1 Ticmann, Bcr., 4898, 31, 3297; Knoevenagel, 7'ir., 1904, 37,4038. 
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Tliiole and Meisenheimer, 1 who obtained tho hydrogen cyanide 
compound of cinnamylidene malonic ester, 


C 6 II 5 CH: CH. CH. C(COOC 2 II^) 3 
CN II 


admitted that it constituted an exception to tho theory, and, \ this 
is so, others may be included in the same category. 

Ilmrichsen 2 has formulated tho additive process on the basis of 
Michael’s positive-nogativo rule in tho following series of simple 
propositions: 

Addition is determined by tho elect.’ocliemieal naturo of tho 
unsaturated groups as well as by that of tho constituen'o of tho 
addendum. If the latter aro of opposite polar character, as II. Ur, 
II. CN, K.IISO., II. NIIjj, Na. HC(COOC_II fl ) a , Na.OCJL,, 
(T 0 Hr,CII a S. II, II. NIIOII, the mutual attraction of tho constituent 
atoms or groups will direct thorn to adjoining atoms, i.e. to the 
1.2 position. If, on the other hand, tho constituents of tho 
addendum aro the same, II 2 , Br 2 , N 2 ().,, two conditions may obtain ; 
either mutual repulsion may driv them apart into positions 1 .4, 
or* the opposite polar character of the unsaturated groups may 
counteract the mutual repulsion of tho constituents of the addendum, 
and cause tho latter to outer positions 1.2, as in chummylidono 
malonic ester, 


C c II 6 ClI: C1I. C1I: C(COOC,TI,) 2 + Ur 2 - 

, C G H-CHBr. C HUr . CII: C(CO()C 2 II,) 2 . 

If, finally, each unsaturated group in position 1.2 is oppositely 
polar to each constituent of the addendum, tho mutual attraction 
may can so the latter to enter positions 1.2 instead of driving them 
apart. Thus, on reducing dihenzal prop ionic acid, tho two positive 
liydrog?n atoms aro attracted to tho two negative groups ill 
positions 1.2, * 

CJb.cn •CII. C(CO.,II): CII. C i; II, -* 

C G II,CI1 :CII. CII(C0 2 1I). CII 2 . CJT-. 

The addition in positions 1.4 generally occurs under special 
conditions Erlenmeyer, juu., 3 liko llinrichscn, considers that tho 
principle of fi*eo valencies in the case of unsaturated compounds 
servos the purpose bettbr than that of Thiele’s partial valencies, and 
that tho union of ethylene and broniiuo may be expn ssed thus : 


1 Annnlm, 1800, 300, 217. 2 Cl,mi. Xhj., I1>W, 33, 10U7. 

8 Annnlm, 11)01, 310, 43; s >«2 also Robinson, Trans. Clum. Hoc., 11)17, 111, 958, 

1*T. 1 L * 
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II.,G- 11,0—Br 

“| +Br a - | 

11,0— II 2 C—Br 

IB? adopts Kokulr’.i view (p. 110) that addition must be assumed lo 
precede substitution in saturated compounds, and therefore the theory 
of partial valencies must logically be extended to them also. Thiele’s 
theory must consequently either be discarded or expanded. Kekuld’s 
scheme* doos not, however, ii el ide all reactions, and to extend its 
scope Erlenmeyor has added tlio following: 


f f 

f 

flj X 0 >0 

n/' jO 

s— 

\ 

\. 

l—l 

b\ d 
\ 

c c 

c 

which is intendod to cpnvey the notion of Hie mechanism of iho 
interaction of three reacting groups before, during, and after 

a reaction, as, for example, the formation 

of otliano from methyl 


iodide and sodium, 

I I 

CIT / ,Na Oil.., \&a 

CII ;lN ^ ‘Na Oil, ^Na 

I I 


or the polymerisation of acetaldehyde and acetylono, 


0 

0 

CII 3 .CII^ CII.CII3 

Clla.ClIj^CII.Cna 

°\ ^ 

°\/° 

Oil 

CII 

| 

u;r a 

1 ' 
CU 3 

cn 

CII 

cnyen- 

nc/'Xcit 

•i —> 

, 1 

ClIv, I: C1I 

llC^CII 

CII 

V 

Oil 


The idea*- may be applied tv the reduction of benzil and muconic acid, 
when Thiele’s theory becomes unnccessaryr 
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C 6 II 5 .Cj- 
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COOII 


According lo Erlonmoyor this view of the process lias tho 
advantage ovor Thiele's, inasmuch as it is of general application^ 
and presents a variety of reactions L’o;n a <’onnnon standpoint, 
without recourse to hypothetical partial valencies. His further 
attempts, like those of Knoevenagel, 1 to represent tho various kinds 
of chemical combination by phases Jn tho oscillation of carbon 
t&rahedra, or spheres cannot bo regarded as very convincing, and 
most be left to tho reader for reference. 

An interesting vievP of the nature of tho addition process, as it 
occurs in unsaturated ketones, has been described by Yorliinder and his 
collaborators 2 from results of obse rations by themselves and others 
oiPthe action of acids (hydrochloric, liydrobromic, sulphuric, phos¬ 
phoric, and picric acids) and a few hali.lo salts (llgCL, FoClJ on 
certain aromatic a/I unsaturated ketones containing tho group 
C:C.C:0. They find, for example, that substances such as 
dibenzalacotone, C,il-Cll : CII. CO. Oil :C1I. C,.1I-, the correspoiyl- 
ing diankalacetoue, &c., form .additive compounds with one or two 
molecules of hydrogen Milorido or •bromide, or one molecule of 
sulphuric acid ; that benzalacetone, C (; II-CII : CII. CO. CIT^, unites 
with one molecule of hydrogen chloride, and so forth. This reaction 
appears to take place in two well-marked phases. In tho first phase, 
an unstable and brightly coloured yellow, orange, or red compound 
called A is formed, which" on the addition of water, easily loses acid 
and gives tho original compound ; in the second phase tho cohn r 
vanishes mbre or less quickly with the production of a stable, 
colourless compound, II. The authors then discuss tho nature of 
the change. They discard in turn tho theory of Kchrmann and 
Wentzel, Jkvho ascii be lo A and B a different structure, 


. Oil 

C1 \ \ " * 

>C< >C:CII.C1I:0.R 

IV 

A (coloured). 


Cl 

I 


II 


^ • I I 

J}C. CII. CII. CO. II 

B (colourless). 




* Annalm, 1900, 311, 203. • 

* .Lot., 1903,30, 1470, 3523; fllOl, 37,1044; Annalen, 1903, 341, 1; 1900,345,155. 

i 2 
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because, as Baeyer and Villiger 1 have pointed out in the case of 
dianisalacefone, the methoxyl group in the para position in A would 
be eliminated with the chloiCne and yield a r quinone, a reaction 
which does not talfo place. t They also reject the theory of Baeyor 
and Villigor that the colour is due to the union of the »acid with 
the (;etone oxygen, because it has been found in compounds of this 
classvhat the CO group is less reactive than the neighbouring C—C 
group, and such a union would not explain the addition of two 
molccutes of halogen acid to' dibenzalacetone, &c. Moreovel-, an 
unsaturated compound containing no CO group, such as anethole, 
isosafrole, &c., forms yellow and red additive compounds with 
hydrogen bromide ’iind picric acid, * and the fame occurs with 
anthrac\..:e and phcnnnlhrene. For this and other reasons Vor- 
liiudor also rejects Thiele’s rule of the existence of a 1.4 and 1.2 
additive compound. Nor is’ the colour necessarily due to the for¬ 
mal ion of a coloured ion, for then trimethylammoniumazobenzeno 
chloride, C r IIr,N : N . C, ; JI 4 . N(C1I ; .) .C1, should be violet, like amfno- 
azobenzeno hydrochloride, C fi lIr,N : N . C^TT,NIL, Cl, wl/ereas it is 
orange, like aminoazobenzene. The colour must therefore be due to 
a chungo in the saturation capacity of one or more elements. 

Vorliiudcr considers the interaction of two substances to depend 
upon a difference of potential, which falls slightly in Ihe formation of 
the A coloured compounds, but much more in that of the Ji colourless 
compounds. The first stage in the process of combination corre¬ 
sponding to the A compound is compared to two oppositely charged 
conductors separated by a dielectric, in which llio charges are con¬ 
centrated at opposite points of the conductor; tho second, corre¬ 
sponding to the It compound, to their discharge on coming into 
contact. A strain is first set up, followed by a fall of energy in 
tho system. The two phases, A and Ji, are termed ‘addition 
isomerism 

They are represented in the following way : in,the first or colour- 
forming phase there is no separation of tho constituents, of ITX, but 
tho attachment is tjiat of a molecular compound; in the second, 
dissociation of IIX occurs and tho two constituents combine 
additivoly, with loss of energy, forming tho stable and colourless 
compound. 

(IIX) 

RCII—C1I.CO.R Coloured 
X II 

RCII—CTI. CO . Ii Colourless 


Ber., 1902, 35, llifl. 
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If the assumption of tho existence of molecular ions is correct, the 
£rst reaction will b^ influenced by the nature of the solvent as well 
as by temperature, pressure, and the action of light, whereas in the 
second, the solvent will have little effect. * 

TIIE AROMATIC HYDROCARBONS s 

Thp aromatic hydrocarbons, standing as it were midwp'-' between 
saturated and unsaturated compounds, may bo briotly considered here. 

Substitution in the Aromatic Series. It is well known tliaf 
substitution in the nucleus of a monosubstitilted benzene derivative 
gives rise to ono or more isomers. It is raro to tind all lluvT/presenl 
iu the product; but usually tho now substituent enters either the 
oitlio or para position, or both ortho and para positions, or on the 
other liauft only tho meta position. Tlie group already present 
appears to possess a directing iniluenco, which has been embodied in 
certain rules of substitution., Ilubner 1 expresses it as follows: 1 In 
tho replacement of hydrogen in the benzene nucleus tho entrant 
negative (acid) substituent enters Ino para position and at the same 
time tho ortho position to tlio least negativ o or acid substituent already 
present. It follows from this that if an acid (negative) substituent 
is already prosent and a second a s eid substituent, enters, the latter will 
avoid the ortho and para positions as far as possible and enter mainly 
the meta position.’ 

Noelting 8 has expressed the same thing moro detinitely: ‘ If 
a neutral, basic, or weakly acid group, such as CII., Cl, Br, I, NIL, 
OH, occupies position 1, by the action of Cl, Br, I, UNO., and ILS0 4 
the main product will*be a para compound together with varying hut 
always smaller quantities of ortho derivatives. But if tho position 1 
is occupied by an acid grdup, N0 2 , CO a II, SO.,11, the action of tho 
above reagents produces mainly a meta compound together with 
small quantities of the ortho and para series.’ Crum-Brown and 
Gibson 3 have presented tlio rulo in a rathor ditferont form. 
Supposing the radical already present forms a compound with 
hydrogen, which can bo converted by direct oxidation into the 
corresponding hydroxyl compound, the new substituent will enter 
the meta position, otherwise it will occupy the cylho-para position. 
Thus IIC1 cannot be oxidised directly to IICIO, but acetaldehyde 
CII a CIIO gives CIIjjCOOIL The directing iniluenco of chlorine 'in 

1 Ver., 1875, 8, 873. 1 1876, 0, If37. 

3 Trail}. Chcm. Sue., 1832, 01, 367. 
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tho first caro is therefore to the ortho-para, that of acetyl to the meta 
position. Thu results are giviju in the form of a table: r 



Cl 

HCl 

1IOC1 

o-p 

C„lI,Br 

Bi- 

II Br 

HOBr 

o-p 

C^CII, 

CTI, 

IICH, 

IIOC1I, „ 

o-p 

CJltNII, 

Nil, 

IINH, 

1ION II, 

o-p 

o«ii B Vu 

OH 

1IOH 

IIOOII 

o-p 

c,,ir,so 4 

NO, 

IINO, , 

IIONO, 

m 

CJIsCCI, 

CC1, 

IICC1, 

HOCC1, 

o-p 

Cfiii.ooVi 

con 

I icon 

1IOCOII * 

m 

C, 11, COO II 

coon 

IICOOII 

1IOCOOII 

m 

^,ir,so 3 ii 

N0 3 1I 

IISOjlI 

II OHO, H “ 

m 

C„H,. CO.CH, 

CO ,CIT, , 
CH, . cooit 

iicocir. 

TIOCOCII, 

m 

C fi lL,CIT...CO()lI 

11CH,. COOII 

ioch,. cooii 

o-p 


Tho authors point out expressly that the rule is no ‘ law .as the 
nature of the substituent, has no obvious connection with tho 
mochanism of the reaction. * 

Another way of formulating tho rule is given by Armstrong, 1 who 
points out that ortho-para substitution takos place if an element 
is present in a group in which the atom attached to th*b nucleus is 
only linked to univalent atom^. Meta substitution, on the other 
hand, occurs if the attached atom is linked to multivalent atoms, 
Vorlandor has advanced a similar rule to the effect that in 
brominating, sulphonating, and nitrating a benzene substitution 
product C ( jlI :j E, the substituents E,havo a different influence accord¬ 
ing to whether the element in the side-chain is saturated or not. 
Chloro- and bromo-benzene, phenol, toluene, benzyl chloride, and 
phenylacetic acid givo almost .exclusively f para and ortho substitution 
products, whereas from nitrobenzene, benzenesulphonic acid, benz- 
aldehydo, bonzonilrile, acetophenone, &c., mainly meta derivatives aro 
formed. Tho groups which give riso to the entrance of nitro groups 
into tho meta position are unsaturalcd : 

- NO a , —CN, - CIIO, -C0OH, —S0,1I. . 

Those which favour the ortho-para position aro saturated : 

-Cl, — Br„— OH, —OIL, —CII 2 C1, —CIL. COOII. 

But none of these rulos rigidly express the facts. It is difficult to 
draw a definite line between weakly and strongly negative atoms 
and groups as formulated by Ililbner and Noeltiug. 'The Crum- 
Brown-Gibson rule does not explain tho formation of m-nitr^nilino 
(NIL cannot be directly oxidised to NH a OII) nor the production of 
o'rtho-para derivatives from toluene (CH 4 is directly oxidisable to 
methyl? alcohol as Bone 2 has shown) Vorliinder’s rule falls short in 

I 

1 Trans. Client. Soc., 1887. 61, 358. * Trans. Client. Soc., 1908. 03, 18"6, 
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the case of unsaturated compounds such “as cinnamic acid, n'-n it ru¬ 
sty rene, and azobenzeno, which come within the ortho-para series. 
^Moreover, there are*cases where all tairee derivatives are formed ; for 
example, when nitric acid acts on toluene. In addition to ortho ami 
para, small quantities of meta-nitrotoluene are formed. Tho same 
occurs with the action of nitric acid on benzoic acid, in whidi the 
principal product is the meta compound; but ortho and para'nitro- 
benzoic acids are also produced. Aniline, acetanilide, and benzanilido 
yield all three nitro derivatives and so does acetophenone. Another 
point to*remember is that in cases where tho three isomers have not 
been delected, one or other may have been overlooked owing to tlTO 
experimental dificulties which attend the separation of a small 
quantity. But there are other exceptions in which the fc.y'iation of 
the particular isomer and the relative quantity of it are determined by 
Ijio conditions of the reaction. Acetanilido and fuming nitric acid 
give a mixture of ortho and para derivatives; in presence of strong 
sulphuric acid about Dp per cent, of para is produced ; but if nitrated 
with nitrogen pentoxide in presence of acetic anhydride tho product 
is almost exclusively the ortho compound. This is in agreement with 
the rule; but, on the other hand, if aniline is nitrated in presence of 
a largo quantity of strong sulphuric acid, tho main product is meta. 
Similar observations have been made with dimc tliylaniline, in which 
the presence of strong sulphuric?acid givo 5 riso to tho meta derivative 
as principal product. A very curious result is obtained on intro¬ 
ducing alkyl groups into toluene by tho Friodel-Crafts reaction. 
Methyl enters mainly inV> the ortlio position, propyl into tho meta, 
butyl into the meta and para, and rmyl probably into tho para 
position. Holloman 1 does not regard this fact as opposed to tho 
usual rule owing to*the complicated nature of tho reaction and tho 
number of products formed, iilanksma 2 explains other exceptions by 
indirect substitution, in which the substituent first enters the aide- 
chain and then passes into the nucleus. This applies to ortho para 
substitution in tho nitration of aniline. Direct or meta substitution 
is assumed to occur when sulphuric acid is present. This view 
cannot be generally applicable seeing that on nitrating or 
brominr.ting bromobenzene indirect substitution cannot occur; never¬ 
theless tfie products are ortho and para compounds. 

Although the general rules cited above in different forma aro 
observed in the larger number of cases, it does not follow ll?at the 

1 Die direkte Eivf Aiming ton Substituenten in den Bemnlkm, p. 196, A. F llolleumn. 
Veit, Leipzig, 1910. 

* lie c. dcs Ira o. lAirn. Pays D'js, 1902, 21, 281; 1904, 23, 202. 
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proportion of ortlio and j»ara is retained undor different conditions 
or oil introducing different substituents. For examplo, in sul- 
plionating phenol, the higher thf temperature, theuiore para relatively 
to ortho compound is formed ; t in brominating toluene the para com¬ 
pound is the main product (60 per cent.), but in nitration, it is the 
orthtf' compound which predominates (56 per cent.). Bromination 
of benzoic acid yiolds only tlio meta compound, but nitration yields 
all three nitro compounds. The character and amount of by-products 
are subpet to considerable variation. If para is the main product, 
some ortho is usually formed, but littlo or no meta compound. If 
ct'tlio is the main product, para is found with a little meta. If, 
finally, meta is the chief product, either ortho or para accompanies 
it, together with small quantities of the third isomer. None of these 
observations arc without exceptions. Benzcnesulplionic acid gives 
mainly the m-disulphonic acid (68 per cent.) and the rest is para frep 
from ortho. Benzoic acid gives mainly ni-sulphobenzoic 1 acid, and 
again the para is the only by-product. * 

In regard to the rules which determine the entrance of substituents 
into higher substituted derivatives of benzene, it appears in the case 
of the halogens that when the liLt two hydrogen atoms have been 
replaced in the ortlio, meta, or para positions, further substitution 
mainly follows in a direction which leads to a 1.2 .4.5 derivative 
whatever the nature of the entrant group'. 



Theories of Benzene Substitution. Holloman in his treatise on 
‘Die Einftthrung von Substituenten in dpn Benzolkcrn’ has dis¬ 
cussed very fully the various theories which have t been advaiiccd at 
dWerent times to explain the rules of substitution. Armstrong 2 
adopts the view that addition precedes substitution; that in ortlio- 
pnra substitution, tlio additive compound results from tlio union of 
the reacting molecule with the carbon atom to which the first radical 
is attached, whilst in meta substitution the additive compound is 
formed by the union of the reacting molecule with the radical, wjiicli 
usual\ 7 contains an‘unsaturated group. In view of Bamberger's and 

1 Cohon and Dakin, Trans. Chem. Soc., 1904, 85, 1274; Cohen and Hartley, 
(bid., 1905,‘87, 1360. u . 

* Trans. Chem. Soc.] 1887, 51, 258. 
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Chattaway's observations on isomeric chartge where a group passes 
from side-chain td nucleus, yielding in the majority of cases ortho 
dhd para derivatives^Part II, p. 371), Ibis view cannot be sustained. 


"'Fliir&cheim’s Theory. 1 Fltlrscheim bases his view of substitution 
on Werner's theory of maximum disposable affinity which inn) bo 
variously distributed according to the nature of the attached n‘ Dins 
as previously explained (p.*87). Elements which have a stronger 
affinity for carbon than hydrogen, such as chlorine, tervalent nitrogen 
in the amino group, oxygen in hydroxyl, Ac., attach themselves 
more firmly than saturated atoms, such as nitrogen in the nitivv 
group and in quinquevalenl Salts of amino compounds, carbon in 
carboxyl, and sulpfiur in the sulplionic acid group,’ Ac. The former, 
by absorbing more of the atlinity of nuclear carbon, lesson the 
amount which link the ortho carbon atdms, leaving a larger quantity 
available iu the ortho and para positions, for tho attachment of new 
substituents, whilst tho latter, which are less firmly attached, will 
leave more available for attachment in the mota position. If tho 
strength of atlinity bo denoted by thick and thin linos the distribu¬ 
tion in tho case of chlorine and tin sulphonic group will appear as 
folfbws: 



Such apparent anomalies as the entrance of the nilro group into 
tho para position in phenyl acetic acid and into the meta position ill 
phenylglycine is explained in the same way by a different distribu¬ 
tion of affinity. • 

yO 

cjr—cu-c< 

N OII 

Plicnylncctic acid. 


PJIb CII- 

! 

NII 2 



Plicuylglycine. 


* J.prakt. C/ie»v, 1902, 00, 321 ; 1905, 71, 497* 
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But this explanation is scarcely satisfactory, for, as Obermiller 
points out, methyl, which is a saturated group and therefore weakly 
attached, produces ortho-para ^Institution in place of meta. 

Without discussing in detail the other weak points in the theory, 
attention may at least be directed to one, namely the difficulty of 
explaining why ortho substitution in the first case should occur to 
tlio delusion of meta, and why in the second case meta substitution 
should be produced to the exclusion of ortho, seeing that in both, the 
ortho and meta carbon atoms are joined by a weak and strong 
affinity, and have consequently a precisely equal affinity value. 
Moreover, as Holloman observes, the idea of a strong and weak 
attachment is purely relative; there is no definite lino of demarca¬ 
tion, nob has any group a fixed and unalterable affinity value in 
relation to tlio nucleus. Tlio nitro group in nitrobenzene is extremely 
stable compared with the fourth nitro group in tctranitrophenol, wliu*h 
water will remove in the form of nitrous acid. 

Tsehitschibabin’s theory of substitution 1 bears a close resemblance 
to that of Fliirschoim. It is based upon the principle already 
explained (p. 87) that unsat united atoms mutually saturate one 
another up to a certain point, and that in consequence the car]>on 
atoms in benzene are more saturated than the four in dihydrobenzene 
or the two in tetrahydrobenzene. Unsaturated groups, such as NH 2 , 
by appropriating some of the ailinify of tlio carbon atom of the ring 
leave less at the disposal of the latter, and consequently tho ortho 
and also the para carbon atoms are less saturated. Nitrogen in the 
nitro group is, however, more saturated than in the amino group, and 
consequently the attached carbon atom is less saturated and has more 
affinity at tho disposal of tho ortho carbon atoms, which leaves less 
for the meta carbon atoms. The meta earboh atom is thereby less 
saturated. Aldehyde and carboxyl groups behave in the same way 
as the nitro group and for the same reasdns. According to this view 
jnethyl should have a meta orienting effect, which is exactly the 
reverse of tho fact. Tschitscliibabin supposes that uk saturation is' 
manifested by addition to the unsaturated atoms, and that it may 
occur either with nuclear carbon or hydrogen or with the atoms of 
a side-chain according to tho character of tho uusaturated atom or 
group and the nature of the addendum. lie represents the process 

i* 

by \ho following schemes, in which X represents the substituent and 
YZ ‘the addendum. 


1 J. yraki. cjutn., 1912, 8U, 397. 
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In this way the ortho-para and tho niota laws of substitution aro 
explained, but tho method of addition scarcely accords with modern 
views. Tlie main difference between this and the former theory 
seems to bo that whereas Fliirschoim regards each group as appro¬ 
priating a* definite amount of chemical affinity under all circum¬ 
stances, unsaturation, according t > Tschitschibabin, is a variable 
quantity depending on environment. 

It appears to us that the author confuses tho notion of affinity as 
manifested by saturated and unsaturated atoms. Unsaturated atoms 
are, like oppositely charged conductors, at a higher potential than 
saturated atoms. Saturated atoms have a lower energy content and 
therefore^ exhibit a firmer union. This firmer union will affect both 
atoms alike, and the sec»nd will lose as much freo affinity ns tho 
first and will therefore not gain by tho transaction as Tschitschibabin 
seems to assume. 

To explain the laws of substitution Obermiller 1 adopts the Claus 
diagonal formula for benzene, where each carbon atom of the 
nucleus is simultaneously* linked to an ortho and para carbon atom 
which are thus sinlilarly connected. He also regards substitution as 
a direct presess not preceded by addition. 

Substituents aro divided into two classes: those which promote 
substitution and those which hinder it. The orienting effect of tho 
first is directed towards tho ortho and para positions, that of tho 
second towards the metu position. 

The division is not very clearly marked, and depends on the* ease 
or difficulty with which the second and third member of the sub¬ 
stituting group can be introduced into the nucleus. The meta- 

1 Die orient ierenden Einjlusse und dvr Bensolketn, by J. Obcrnillor. J. A. liurtli, 
Leipzig, l'JO'J. * 
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orionting influence of such groups as N0 2 , SO : ,IT, and C0 2 H is put 
down to steric hindrance due to the space occupied l>y the group. 
This effect may under certain^ circumstances be suppressed if the 
orienting influencoiof an orthb-para substituting group is present, ap, 
for pxample, in the nitration of m-chloronitrobenzene tlhen the 
second nitro group under the orienting influence of the chlorine 
atom Venters the ortho position to the first group. Then, it may be 
asked, ^vliy does the nitro group t frequently enter the ortho position 
rather than the para, where steric hindrance would havo less effect ? 

Obermiller attempts to show that a low temperature and'Yi slower 
rate of reaction overcome ^steric hindr/mco, and he cites the case of 
sulphonating phenol in tho cold and in dilute solution, which yields 
the ortho'bulphonic acid mainly, whereas higher concentration and 
higher temporature give the para compound. 

In other respects Obermiller adopts Werner’s theory of valency, 
and his views, though somewhat differently expressed, bear a certain 
resemblance to those of 1 Flfirscheim. A weak affinity between the 
first substituent and nuclear carbon will strengthen that between the 
carbon atoms in tho ortho and para position and weaken the affinity 
of the latter for hydrogen, which is more easily replaced in c?n- 
soqucucc. Tho closer the union between atoms, tho greater will be 
their mutual influence, so that the ortho carbon atoms will bo more 
affected by substitution than those £ii the para position; but steric 
hindrance may supervene and reverse tho result. If steric hindrance 
prevents substitution in the para position as well, then m^ta substi¬ 
tution will occur. " 

Tho author, in short, lays down so many rules and assumes so 
many modifying circumstances that it is not surprising to find that 
the oxamples given fit in satisfactorily with' ono or other of the 
possible explanations. 

Holleman lias suggested a less speculative and moro reasonable 
explanation. Assuming Kekule’s formula for bdnzene, ho supposes 
a radical X, being .already present in the benzeno nucleus, may 
promote or retard addition of the now substituent to the adjoining 
double bond. If it promotes addition, an ortho compound will 
rpsult. Conjugation may cause,.addition in the para position, accord¬ 
ing to Tliiolo’s theory (p. 133), in the same fashion. On the other 
hand, the addition in position 2.3 is uninfluenced by X, as it doeu not 
adjoin the double bond. In other words, addition is influenced by 
X in positions 1.2 and 1.6, but not in 2.3. The idea may bo 
illustrated in the following manner. Let us suppose C 0 II 5 X to be 
nitrated ; three additive compounds may bo formed. 
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By subsequent removal of water a para, or* ho, or mol a niiro-eoiypound 
is produced. If X accelerates tlio reaction, substitution follows the 
para-ortho rule, which may lead to the exclusion of auy mota com¬ 
pound. If X lias no such accelerating action, smaller or larger 
quantities of mota compound will lie formed. Examples are afforded 
by the’ nitration of phenol and toluene. In the first case, 'wKero the 
rate of the reaction is high, ortho and para nitro-com pounds only aro 
fcgmod ; in the second, where the rale is slower, a certain amount of 
mota compound is produced. If X has a retarding effect, addition at 
2.predominates. Tlvis view fits in very neatly with the observa¬ 
tion that m*eta compounds aro often accompanied by smaller quanti¬ 
ties of ortho, for here the first add : lion occurs at 2.11 and then at 
2.J, in which position 2 is common to both. 

Collie, 1 by means of a model in which iho carbon atoms with tho 
attached hydrogen revolvo, has illustrated the movement of the 
carbon atoms of benzene, whereby it is made to pass through various 
phases. Those phases may be represented in a plane by means of 
.figures in which the Kekule and centric formulae recurrently appear, 
as representing certain stales of tho nucleus. 



First ' Kckiil'i Oniric Krkiihi Last 

phase. i'irinula. formula. formula. phase, 


Supposing addition to tho original unsaturated substituent to 
precede substitution, the orientation of the liowly attached group will 
be dependent on the phase in which the addition occurs. If nitro- 
benzeho were chlorinated, an additive compound C (l ll ,N0 3 . Cl^will 
first bo formed. In the first phase wo may suppose the N0. 2 group 
to occupy the position of ono of the external hydrogen atom**, and, in 


Trans.(Chcm. Soc., 1SU7, 71, 1<'13. 
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which may recur through a series of alternate singly apd doubly 
linked atoms such as exist in benzene (Kekul6’s formula). 

* The process is illustrated by isomeric change from side-chain to 
nucleus, as for example in the case of henzenesulphamic acid, when 
a sulphonic acid group wanders from nitrogen to tho nucleus to form 
ortho and para anilinesulphonic acids (Part II, p. 371). 
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The sulphonic group wanders to thh first y atom in tho ortho 
position and to the next y carbon in tho para position, whilst the 
hydrogen it displaces, wandors in the opposite direction. 

The metn.cliango is effected in the same way by migration in two 
directions ; but owing to tho unsaturation of the side-chain, tho 
wandering group is farther removed from the nucleus. This may bo 
illustrated in the case of the sulplionation of nitrobenzene. 
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In this case the hydrogen migrates from tho first y position to the 
next y position and thence to the oxygen of the nitro group, and tho 
sulphonic groups make the reverse journey. 

The ond'tions underlying tho meta rule are formulated by 
Lapworth as follov's: ‘Where a substitution product is formed by 
isomeric change of a product of addition or substitution in the side- 
chain in which tho substituting radical is separated from tho benzene 
nucleus by two intermediate atoms , a meta substitution d?rivative must 
bo produced or replacement of the side group by the new substituting 
radical will occur.’ 

Direct substitution in tho nucleus is, according to Lapworth, deter¬ 
mined by addition followed by cleavage as formulated by Armstrong 
and Holloman. 
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Electronic Theory of*Substitution. II. S. Fry 1 has elaborated 
an interesting theory of substitution, which is based on the assump¬ 
tion that the atoms can cithef' give or absorb electrons, or, in other 
words, can function both with positive and negative valencies, apd - 
tha| it is this opposition of electronic characters whietf bind the 
atoms in a molecule. Benzene is, therefore, represented by a ring 
of carbon atoms, linked alternately by positive and negative valencies 
to theypositiye and negative valencies of hydrogen. t 
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This being assumed, it follows that in the formation of di-dcrfva- 
tives the dominant valency in the ortho and para position to the sub¬ 
stituent group will be of the, same pign, that in the meta position of 
opposite sign. Thus, a positive gVoup will attach itself to a C — 
Atom and a negative group to a C + atom. Similar atoms and 
groups should therefore substitute in the meta position and groups 
of different sign in the ortho ‘and para positions. But in chlorina¬ 
tion, the chlorine atoms form ortho a ad para di-derivatives. How 
is this explained? Every atom or group may react by virtue of its 
+ or — vnloncies and may bo + in one compound and — in another, 
or, indeed, both + and - in the same molecule, such, for instance, 
as the atoms in the chlorine molecule, or the two carboxyl groups in 
■ phthalic and terephthalic acids. 

The theory, moreover, demands the existence of two mono-deriva¬ 
tives in which the substituent is attached to an electropositive or an 
electronegative carbon atom by an electropositive or negative valency. 

f* 

C 0 1I 5 X and CJI 5 X- 

The diflic’dty is overcome by assuming a form of tautomcrism, 

* * x 

1 .7. ytmer. Chan. Bnc., 1912, 34, 001; 1914. 30/ 248, 202, 1035: 1915, 37, 855, 
2308; 1910, 3d,' 1323 ; see also Vorliinder, Ber., 1919, 52, 203. 
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termed by the author electronic , in which # isomeric equilibrium be¬ 
tween the two forms is supposed to exist. 

* Tho same kind of electronic tau*omcrism may occur in other 
compounds, such as nitric acid. • • 

- + + - 

ho.no, iio.no, 

Tho ijieory, in short, is so mobile, so adaptable and so ingeniously 
applied as to explain most of tho facts of substitution as well as 
many reactions of aromatic compounds; hit cannot bo discussed in 
greater detail.* * * 

1 Thi\ theory has, nowever, not escaped criticism: se<$ Hollemar, J. Amcr. 
Chem. Soc., 1914, 36, 2195. ' ' 
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Catalytic Reduction. Platinum and palladium in conjunction 
with hydrogen have been frequently used as reducing ageqts, and It 
has long been known that unsaturatod hydrocarbons could be con¬ 
verted into paraffins and the oxides of nitrogen into ammonia by 
passi.." a mixture of the vapour or gas and hydrogen over the heated 
metal. The process is a typical catalytic or contact reaction, inasmuch 
as the metals greatly accelerate reduction without undergoing any 
fundamental change in cc nposition or quantity, or bearing any mole¬ 
cular relation to the amount of material transformed. 

It is net our intention to enter on a discussion of the mechanism 
of the process, about which there is some diversity of opinion, but 
merely to record its application in organic synthesis. 

13 ml ig 1 * 3 was the first to obtain colloidal platinum by passing 
a current between electrodes of tlio metal below the surface of waLer. 
The metal appears to pass into solution, but the latter has none of 
the physical characters of a true solution, for it neither diffuses 
through animal membranes nor exhibits osmotic pressure. It is 
a pseudo or colloidal solution, llo noticed its reducing action r 'on 
nitrites and its effect in bringing about the union of hydrogen and 
oxygen. * <■ 

In 1902 s Paal found that colloidal solutions of metallic oxides and 
‘inetals could be produced by adding alkali to the metallic salts in 
presence of the sodium salts of protalbinic and lysnlhinic acid (hydro¬ 
lytic products of protein), which act as ‘ protecting agents ’. Later,’ 
he prepared colloidal palladium, platiiiuni, and indium by a similar 
method, using first hydrazine sulphate and afterwards freo hydrogen 
as the reducing agent. The colloidal solutions in water and alcohol 
are very active, and in presence of hydrogen reduco such substances 
as oleic, cinnamic, maleic, and fumaric acids, to the saturated 
'condition. 

Wallacli 4 has si»co carried out numerous experiments by Paal’s 

palladium method and finds that etliyleno compounds can ho reduced, 

no matter where the ethylene bond occurs, and that the reduction 

* 

can be effected with or without solvent and at the ordinary tempera¬ 
ture, thus exc aiding tho possibility of isomeric change. The reaction 

1 Anorganisc' e Fcrmrnte, hy (I. Jlrndig. Leipzig, 1901. 

* /ter., lOul, 35, 2195, 2206, 2227. 

3 /ter., 905, 38, 1406, 2114 ; 1907, 40, 2209 ; 1908, 41, 805, 2273; 1909, 42, 
3930. 

4 Annalen , 1911, 381, 52. 
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can lie so regulated that the ketone group in a/3 unsaturate ;1 ketones 
is # only slightly attached. 

In the meantime Fokin, who had been experimenting on electro¬ 
lytic reduction with different metals as electrodes, found that thoso 
metals which are known to occlude hydrogen have tho strongest 
reducing action. He subsequently observed that the solvent also 
plays a part, and that whilst fine solvent will promote, auoth* .ytvill 
prevent^ reduction. " 

Later 1 2 he introduced platinum and palladium black, and showed 
that oleic acid in ether solution in presence <y thoso metals is reduced 
to stearic acid by passing in hydrogen at too ordinary temperature 
or in presence of nickel and cobalt at a high temperature. With 
colloidal platinum lie succeeded in reducing a number of unsaturated 
organic acids and also acrolein, nitrobenzene, &c., but not tho 
aroiflatic hydrocarbons. 

Willstattor* then took up the subject and improved and simplified 
the process of reduction by using colloidal pkitinum, prepared 
according to Low. 3 Tho method consists in reducing platinie 
chloride with formaldehyde in alkaline solution. Tho precipitate is 
ther#washed by decantation, until the platinum hydrosol begins to 
pass into solution, and filtered. Tho pioduct. which is carefully 
excluded from the air, is very active, and is capable, in presenco of 
hydrogen, of effecting the complete'reduction, not only of unsaturated 
compounds, but also oi benzene and naphthalene, which yield cycle 
hexane and* decahydronaphthalene respectively, and other aromatic 
hydrocarbons and compound's such as phenol and benzoic acid, which 
give the hexahydro-derivatives Tho colloidal metal can bo used 
with, various solvents. # In tho examples named, glacial acetic acid 
was added to the substance. The reducing activity is, however, 
dependent on the absence of certain substances, especially sulphur 
compounds, which appear to'arrest the action completely. 

# Skita 1 has introduced palladious chloride in aqueous or alcohol- 
aqueous solution in presence of gum Arabic as protective colloid. 
Under tho action of hydrogen the palladium salt is reduced to tho 
colloidal metallic condition and has effected the reduction of a number 
of organic compounds such as unsaturated ketones of the aliphatic 
and aromatic series. • l 

d-Pu&gone was reduced by hydrogen at two atnnispho’es pressure 
in presence of colloidal platinum to rf-menthono; otliV reducing 

1 Chetn. Zcntralbt., 1900, vol. ii, 758 ; 1907j>vol. ii, p. 1324. 

2 Jlrr., 11)08, 41, 1475 ; 11)12, 45, 1171. •* Her., lS'Jfl, 23,^89. 

* Ber., 1909, 42, 1627 ; AlO, 43. 3393. . 
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agents yjeld tho laeYo' compound. In mesityloxide the ethylene 
group is reduced, but the ketone group remains intact, and the 
same is true of phorone; f but by raising the pressure to five 
atmospheres the* latter is converted into methyl isobutyl carbipol. 
Wihilst Sabatier and Sendorens’ method (see below) leads tolhe rupture 
of the cyclopropane ring in thujene, Tschugaoff 1 found that platinum 
bla^k and hydrogen at the ordinary temperature gave thujane. 
Rise^of temperature also has an effect. Phenanthreno, for example, 
when reduced with palladium at the ordinary temperature yields 
tetrahydrophenanlhronp, but at 100° the octahydride is formed. It 
will bo seen from tho jJ>rogoing examples that the action of finely 
divided platinuiji and palladium affords an effective and easily 
rogukiie'u reduction method of very oxtendcd application. 

U 

The Sabatier-Senderens Method . 3 The method consists in 

C 

passing tho vapour of the substance to bo reduced, mixed with ( puro 
hydrogen, over finely divided nickel and certain other metals at an 
optimum temperature. The process originated in the observation 
that certain metals could be mltde to combine with nitrogen peroxide. 
An attempt to produce similar compounds with acetylene le<» the 
authors to pass the gas over finely divided metals (nickel, cobalt, 
iron, and platinum), with the result that it decomposed with incan¬ 
descence. Further experiments tarried out with ethylene at a tem¬ 
perature of 300° yielded a similar result; carbon was deposited, but 
tho gas evolved proved to bo ethane. Thus tho saturated hydro¬ 
carbon was probably forme* 1 at the expense of the hydrogen of the 
unsaturated compound. This led the authors in 1896 to study 
the reducing action of finely divided metals, in conjunction with 
hydrogen, on a variety of organic compounds. Nickel proved to 
be the most active*, but cobalt, iron, copper, and platinum were 
also found to effect reduction, the activity varying in different 
cases. Thus only nickel and cobalt can hydrogenate tho aromatic 
nucleus. 

Copper is less activo than nickel, and in certain cases where tho 
latter catalyst carries the reduction too far, metallic copper may be 
substituted. Very important factors are temperature jpul pressure, 
for it appears that those are probably, reversible reactions, 5 in 
vVpich tho f talar.ce may shift under varying conditions. This will 
.explain tlyo existence of an optimum temperature for each reaction 
and thai/ohange of product with change of pressure. It is usual to 

1 Campt. rend.} 1910, 151, 1058. 

8 Her., 1911, 44, 1984. See also, La Catalyse *en Chimie Organiqne, by P. Sabatier. 
Bd ranger/ Paris, 1913. 

* Ipatiow, Ber., 1907, 40, 1270. 
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explain the reducing action of tho motal 1>y the formation of an 
unstable hydride, a view which accounts for the numerous cases of 
dehydrogenation, when the motal robs tne compound of its hydrogen. 
But Ipatiew’s discovery of the almost equally efficient action of nickel 
oxide, especially in presence of hydrogen under pressure, seems to 
point to the intermediate formation of water, which, according to 
Ipatiew, loses its hydrogen # in an active form, regenerating; the 
metallic oxide. The view receives some confirmation from Brunei’s 


observation 1 that phenol is readily reduced to cyelohexanol by 
vaporising tho phenol, previously liquefied, j-iy the addition of water, # 
that is, in presence of water valour. The i/l vantage of the Sabatier- 
Senderojis ovor the preceding methods is tho rapiuity of the process 
and the large quantities of material which can be treated in sf short 
time; its defect is the necessity of using rather high temperatures 
(IS© 200°) and tho consequent difficulty of avoiding secondary 
reactions, polymerisation, isomeric change, and occasionally carboni¬ 
sation. * 


The operation is conducted as follows : to obtain a large metallic 
..urface, pieces of pumice are soaked in nickel nitrate solution and 
heated to convert the nitrate into oxide. The pumico is then intro¬ 
duced into a hard glass tube about two to three feet long and placed 
in a hot-air furnace. The oxide i§ reduced at a temperature of 320- 
350° in a current of hydrogen, Carefully purified and freed, more 
especially, from traces of sulphur and halogen, which destroy tho, 
activity of the catalyst. The temperature is then regulated according 
to tho nature* of the substance to bo .educed, which is introduced 
with tho hydrogen in a steady stream. If gaseous, tho two gases aro 
admitted aimultancou^y; if liquid, the substance is dropped from 
a tap-funnel into the end of the tube; if solid, it is melted and 
vaporised in a current of hydrogen. 

We will now consider briefly tho effect of this method of reduction 
• on various organic compounds. Among tho earliest experiments 
conducted by*Sabatier and Sonderons was the reduction of carbon 
monoxide and dioxide. Tho former at 250° and tho latter at 300° yield 
methane and water. 


Olefines (hid Acetylenes. The interesting observation was made 
that when acetylene is deduced with excess of hydrogen at 200°, 
liquid condensation products aro formed, consfstinV mainly of 
paraffins and closely resembling American petroleum' A second 
treatment of the material produced a certain quantity hydro¬ 
aromatic hydrocarbons or f laphthenes corresponding «u character to 


1 Compt. rend., 1904 . 137 . 1203 . 
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tho Caucasian product,' whilst if tho reduction was conducted at 
300° some of tho hydrocarbons were converted into unsaturated 
cyclic hydrocarbons and the product resembled Galician petroleum 
in character. * *■ , 

Tho higher acetylenes behave differently. Diacetylene vVith copper 
as catalyst yields ethylbenzene and other substances in smaller 
quality ; nickel, on the other hand, yields ethylcyclohexane. The 
difference between the two catalysts is also brought out in the case 
of lieptine C 7 II 13 , copper giving lieptone C 7 Ii u and polymerisation 
products (di- and tri-heptenc), and nickel effecting completd’reduction 
to heptane. This difference in actioui of the catalysis is explained 
by Sabatier on the assumption that tho metal, under varying con¬ 
ditions of temperature, is capable of forming different hydride's, and 
thus producing lower and higher states of hydrogenation. 

Aromatic Hydrocarbons. Aromatic hydrocarbons (benzene and 
homologous) are readily converted into liexahydro-derivative_ at 
180°, and compounds with unsaturated side-chains yield tho corre¬ 
sponding cycloparailins. Styrene gives ethylcyclohexane, di pen tone 
forms menthane, cainphono yields diliydrocamphene, bornylencf 
gives camplmne. and pinone forms pinane. In the first experiments 
with naphthalene and acennphtliono, tetrahydro-derivatives wero 
obtained. Since then, bv working at lower temperatures, the deca- 
hydride of naphthalene, tho tetra-, octa-, and tetradecaliydrides of 
•anthracene, the di-, tetra-, and dodccaliydride of phenanthreno, and 

the decaliydride of lluorene have been prepared. * 

. 1 * 

Aldehydes and Ketones. Aliphatic aldehydes and ketones with 
nickel as catalyst are readily reduced ':o alcohols. By this method 
the formation of pinacones from ketones is avoided. Aromatic 
aldehydes such as benzaldehyde give benzene and carbon monoxide, 
whilst aromatic ketones give the corresponding hydrocarbons. Tho 
diketones, such as henzil and benzoin, also reaat smoothly, yielding 
dibenz.il, and the quinones are easily converted into tho .corresponding 
quinol; in tho case of benzoquinonc the nucleus may also bo reduced, 
and quinitol is formed. 

Phenols. At a temperature of 215-230° the mono- and poly- 
liydric phenols are reduced to cyclohexanols, and a and /? naphthol 
form the d/cahydrides. If the temperature is too higlr they 
may lose lixdrogen, giving the cycloketone. This elimination of 
hydrogei\,r-!s exemplified in tho case of tho alcohols, which, with 
copper as catalyst, form Uldehydes or ketones, and the latter in turn 
may lose carbon monoxide, and finally pass into hydrocarbons. 
An interesting example is that of allyl alcohol, which by loss of 
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hydrogen is partly converted into acroloin*and partly by further re¬ 
duction into propionaldeliyde. At a lower temperature it is wholly 
converted into propyl alcohol. Bernal alcohol yields ben/aldehyde 
300° and benzene and carbon aivl carbon monoxide at 380°. 
Furyl alcohol is, however, reduced to methyl furfurano. 

Unsuturatcd Ketones. In substances likf mesityloxide, tho ethy¬ 
lene, but not tho ketone, group is reduced; unsat united cyclic 
ketones, on the other hand* can be converted into cyclohexa/xols if 
tho temperature is kept low and the speed regulated so that a largo 
excess «f hydrogen is present. In this way pulegono has been 
converted successively into ,pulegoment'.one and pulogomentliui, 
carvone into dihydrocarvool, and thujono into tbujol. 

Unsatumted Acids and Esters of tho aliphatic and aromatic series 
are readily reduced to the saturated condition. Acrylic acid is con¬ 
verted into propionic acid, oleic acid iiito stearic acid, and cinnamic 
acid into plionylpropionic acid. The esters, such as the unsaturated 
animal and vegetable nils, behave similarly The process known as 
‘the hardening process’ has become of great technical value. The 
liquid fish-oils become solid and Wie unpleasant smell is entirely 
removed on reduction. 

Acids and Anhydrides. Acetic acid passed over heated copper 
at 400° breaks up into inethano, carbon dioxide, and acetone ; with 
zinc dust at 250° it gives acetone; propionic acid and the higher 
acids yield a mixture of aldehyde and ketone (propionaUleliydo 
and dietjivlketone). Acetic anhydride with nickel breaks up into 
acetaldehyde anil acetic «acid. Tho, nucleus iu aromatic acids has 
not yet been reduced by this method. The effect on phthalic 
anhydride is to give phthallde. 

Nitre-compounds lire reduced to amines. Nitrobenzene passed 
over copper at 300° yields aniline, and other nitro compounds behave 
similarly, whilst if nickel, tho more powerful catalyst, is employed, 
the aniline breaks# up into benzene and ammonia. Aliphatic nitro¬ 
compounds* aro less sensitive to nickel, and yield tho amino at 
150-180°. 

Compounds such as oximes, cyanides, isocyanides, and isocyanic 
esters, \vhich yield amines by other methods of reduction, aro reduced 
in tho same way by nickel and hydrogen. With aliphatic cyanides 
tho»pro<luet, as a rule, is not a single primary amine, but a fixture 
with tho secondary and tertiaiy base, in which the Ajcoudary* amino 
predominates. The latter is produced by union of* two or tnore 
molecules of the primary anrne, with elimination of ammonia. In 
the case oi aromatic acyanides, cleavage into •hydrocarbon and 
ammonia occurs. Plionyl cyanide gives toluene aipl ammonia. 
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Isoeyanic esters and cavbamines give secondary amines, but the 
reactions are complicated by secondary processes. 

C 2 H 5 NCO + 3H 2 C 2 H 5 NIICH 3 + H 2 0 
CjjHj'NC + 2H 2 ‘ = C 2 H 5 NHCH a 

Liken the aliphatic cyanides, the aliphatic aldoximes give primary, 
secondary, and tertiary a f nines, in which the secondary amine pre¬ 
dominates, whilst the cyclic oximes, sucV as acetoplienonoxime, give 
iu adoption the unsaturated hydrocarbon. It is a remarkably fact 
that the esters of nitrous acid yield amines on reduction just like 
tho isomeric nitroparalfins^ 

Aromatic liases. Tho effect of temperature on the product of 
reduction is well illVistratod in the case of aniline and other aromatic 
bases. 'Passed over nickel at a high temperature aniline breaks 
up into benzene and ammonia: at 190° it yields a mixture of 
cycloliexylamine, dicyclohoxylamine NlI(C c iI u ) 2 , and phenylcyclo- 
hexylamine CylLjNHCyl^ ; at 160-180° cycloliexylamine alone is 
formed, and tiie homologous amino compounds are readily reduced 
in the same way. Bcnzylaminej. however, breaks up mainly into 
toluene and ammonia, with the formation of little of the cyclohexane 
derivative. The only satisfactory method of obtaining hexahydro- 
bonzylamine is to utilise the Sabatier-Scnderens synthesis of amines 
by passing a mixture of, tlio alcohol and ammonia over heated 
thoria. Though attempts to reduce pyridine failed, the ring breaking 
axd giving rise to ainylamine, quinoline was converted into the 
tetrahydro-derivative by reduction of tli§ pyridine nucleus, and 
pyrrole into pyrrolidine. Indole, curiously enough, breaks up and 
gives o-toluidine, and acridine forms of/2-dimethyl quinoline, in 
which one benzene ring is opened. 


Halogen Compounds. The general effect of the process on 
halogen compounds is either to remove- the halogen, which is 
eliminated as halogen acid, giving the unsaturated hydrocarbon, or 
simultaneously to replace it by hydrogen. The aliphatic 5 mono- 
cliloro compounds break up at 250° into hydrogen chloride and the 
olefine; 2.2 dicliloropropane gives ehloropropyleno. Chloro- and 
bromo-benzene lose halogen and yield benzene. 


Ipq^iew’s Method. The first experiments of Ipatiew were 
directed to the /tudy of the pyrogenetic effect of different catalysts 
at high temp^utures (600-800°), in the course of which he was able 
to show tKui a common result of suth a process was the removal 
of hydrogen and ifiso oxygen. In this connection, iron and zinc, that 
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is, easily oxidisablo motals, were fouiuf to be peculiarly active. 
Alcohols passed through iron tubes, or tubes contuining zinc, were 
converted into aldehydes and ketorfes, along with oleiines formed 
\jy removal of water. * * 

A varifety of catalysts, including aluminatand other metallic o:ndes, 
were examined, with interesting results, sotye of which corresponded 
closely with those obtained by the Sabatier-Sendereiis process. 
A novelty in the method was afforded by the use of hydrogen at 
high pressure, which was proved to accolerate the process. Ipatiow 
showed,* for example, that ethyleno in oresenco of alumina aiyl 
hydrogen at a temperature*of 40U 450' and at a high pressure 
underwent polymerisation and reduction, yielding^puraflins. Acetone, 
which undergoes no change in an iron tube at 400° witfi hydrogen 
at the ordinary pressure, is converted at 100 atmospheres to tho 
e:«tent of one-fourth into isopropyl alcohol. 

A further development of the method was the action of tho two 
oxides of nickel 1 on unJttturated compounds in presence of hydrogen 
at a pressure of 100-120 atmospheres. Benzene was completely 
reduced to cyclohexane at 250 in one and a half hours, with one tenth 
o&its weight of nickel oxide, tho rate of reduction being tlioreforo 
greater than with tho metal. Other aromatic hydrocarbons, ketones 
and bases, phonols, lerpenes, and quinoline were reduced more 
rapidly than in the Sabatier-Sen^lorens process, and, in addition, the 
alkali salts of aromatic acids such as benzoic, phlhulic, and /i-naphthoi*; 
acids, which are unaffected by tho free metal, yielded tho hoxa- 
liydro compounds in the first two cascj and the telraliydro and deca- 
hydro acids in tho last. Copper oxide can in some cases replace 
nickel oxide with advantage. 2 The groat difference in the rate of 
reduction seems to point to some other action than that of the metal 
and hydrogen. Ipatiew explains the process by supposing reduction 
of the nickel oxide to occur with the formation of water, which 
re forms ox ; le and liberates active hydrogen. 

Among reducing catalysts should be included metallic iron in 
its action on nitro-eompounds, for it is well known that much 
less than the theoretical amount of hydrochloric acid is required for 
reduction. 9 The process is explained by the alternate change of 
ferrous chloride into the magnetic oxido and reconversion into 
ferroiiS salt. • y 

Dehydrogenation. It has already been pointed out ti.it tho ahovo 
process, especially at higher temperatures* is reversible, "and may 

1 Ber., 1909 , 40 , 1270 , 1281 . 2 Her., 1000 , 42, 2080 . 



170 CATALYTIC REACTIONS OP ORGANIC COMPOUNDS 


lend to the elimination of* hydrogen. Tims it has been shown that, 
with copper at 250-000°, ilie primary alcohols 4 viold aldehydes, the 
secondary alcohols from ketonefc; tertiary alcohols, on the other hand, 
give olefines. Ge&niol may* be converted into citral, borneol in^o 
camphor, and menthol iii to menthone. Cycloliexancs pass' into aro¬ 
matic hydrocarbons. CyMolioxanols above 350° tend to revert to the 
phenol, tho cyclohexylamiues to the amino compounds ; the dodeca- 
hydruVe of anthracene loses six atoms of hydrogen at 200° and eight 
atoms at 200°, reverting to anthracene at 310°. At 300° piperidine 
is converted into pyridine. ' 

Paraffins also lose hydrogen, and apparently break down into un- 
saturated groups, CIlI a , CIL, CII, which rounito to form new saturated 
and uirsatu rated hydrocarbons. The results arc much the same as 
those obtained by Berthelot t by the thermal decomposition of the 
paraffins, but, in presence of a catalyst, are produced at a much lower 
temperature. 

r '* 

Dehydration. Whilst metallic catalysts are chiefly effective in 
adding or removing hydrogen, the metallic oxides, such as anhydrous 
alumina, tlioria, the blue oxide of tungsten (W./) fl ), and, as Ipatyw 
has shown, aluminium phosphate and silicate, possess a dehydrating 
action. 1 At temperatures of 300° to 350° tho alcohols (with the 
exception of methyl alcohol, which (fives methyl ether) are converted 
into the corresponding olefines. Ethyl alcohol forms ethylene, and 
borneol gives menthene, &e. Two catalysts, such as copper and 
alumina or thoria, may thus produce essentially different reactions, 
for, with tho metal, the alcohol loses hydrogen and yields aldehyde; 
but with the oxide it loses water and gives the olefine. According to 
Sabatier, 1 both reactions are determined by a labile union of the 
catalyst with tho compound, which differ, however, in the mature of 
the products. The action of a dehydrating and a reducing catalyst 
may sometimes be combined, so that the olefine* 1 is first formed and 
then converted into the saturated hydrocarbon. 2 Carvenientliol has 
been converted in tliis way into menthane (Part III, p. 230). 

The dehydrating action of metallic oxides can also be accompanied 
by the addition of other groups, and Sabatier and Mailhe 3 have 
succeeded in preparing primary and secondary amines by passing 
a mixture of tj^cohol and ammonia over heated thoria at temperatures 

1 Ipatiow, 1901, 37, 298(3; Sabatier and Mailliu, Ann. Cham. Phys., 1910, 
20, 311. /" 

2 Siilmtior and Murat, Comfit, rcml., 1911', 155, 385; Ipatiuw, Per., 1912, 45, 
3205 ; Her., 1911, 44, 2000. 

3 Comp, rend., 1011, 153, ICO. 
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between 250° and 350°. Tlius, propyl *nlcohol and ammonia give 
,a mixture of propylamine and dipropylnmino, 

C ;J II 7 OII + Nil.. =f C.I^NH., } 1T.,0 
C II 7 0II + C 3 II 7 NIIjj = (C-II.-UUI h H,0, 

and benzyl alcohol yields benzylamino anft dihcnzylamiiic. 

In the same way mercaptans can be prepared by the action of the 
catalyst on a mixture of* alcohol vapour and hydrogen sulphide. 
Ethyl alcohol, for example, gives felliyl mercaptan. 


• . CJI..OH + IPS = CUI-SII -i- ILO. 

Esterification has also bo&i effected in a similar fashion by passing 
the mixed vapours of alcohol or phenol and an organic acid over 
a metallic oxide. In this last reaction titanic oxide is molt' effective 
than thoria. With phenols and thoria as catalyst, diphenyl ethers 
Ifro formed. 1 

9 Finally, thoria, alumina, lime, and other oxides at temperatures of 
350° and 400° convert'Aliphatic acids and those aromatic acids with 
carboxyl in the side-chains, such as phenyl acetic and phenyl propionic 
acids, into ketones, whilst a combination of the acid and formic acid 
•ivos the aldehyde. In the latter case titanic oxide is the most 
effective catalyst. 


* 

, Khferknoes. 

Uvber lafah/fischc licdnllioncn organi-.cher Vuh'uulnngni, by Dr. A. Skitu. ftifke, 
Stuttgart? li)l2. 

Die Mdhodun (Ur organischm‘*Cliiniie. by Dr.,lb S/eliuski. Thieine, Leipzig, 11)11. 


Catalytic Oxidation, 'flu* earliest use of catalysts in oxidation 
is to be ascribed ter II. Davy, who used platinum in effecting tho 
union of hydrogen or marsh gas with oxygen, a phenomenon which 
was afterwards utilised by Dobereiner in bis lamp. Here a jot of 
hydrogen was m»de to impinge upon a surface of platinum upon 
which 'Oxygen was occluded ; oxygen combined with tho hydrogen, 
raising the platinum to incandescence and bringing about ignition of 
the jot. A later application of platinum as an oxidising agent was 
that by Hofmann to the preparation of formaldehyde, which Low 
afterwarfls modified by replacing the platinum by copper. Colloidal 
platinum or copper yfas found to pi’oduce the same effect when air 
at the ordinary temperature was passed through met *iyl ulcolJbl con¬ 
taining tho metal in solution. Platinum black n oistened Vvith 
ethyl alcohol and exposed to air is concerted into acetic acid, and 

I 

, 1 Sabatier utjll Mailhc, Comp, rend., 1012, 155 % 2C0. 
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other organic compounds liave been oxidised in a similar fashion. 
Cerous oxide, which, exposed to air in alkalino solution, passes into 
the trioxide, can bring about oxidation, though its use in organic 
chemistry is restricted. Vanadium in the form of oxide lias been' 
used sflong with chloratesfcin the production of aniline black from 
aniline, and tho oxide of vhnadium or ammonium vanadate has also 
been utilised in modifying tho action and increasing the yield of oxalic 
acid by the action of nitric acid on sugar. Rut the most interesting 
of oxidising catalysts are iron in prosenco of hydrogen peroxide, and 
mercury or mercuric sulphate in presence of sulphuric acid. 

Tho use of hydrogen peroxide in presence of a trace of ferrous 
salt was introduced’ and studied by Fenton 1 and has proved an 
invaluable reagent. Its action was first applied to the oxidation of 
tartaric acid, which is converted into diliydroxymaleic acid and later 
to that of tho polyhydrie alcohols, which are oxidisod mainly tff 
aldoses. Hydroxy acids are also readily attacked," yielding aldehydia 
or ketonic acids. *■ 

Ruff 3 modified the method for preparing aldoses by oxidising the 
hydroxy acid obtained from one sugar, by means of Fenton’s reagent, 
to the lower aldose of the series (Part III, p. S). *’ 

It may be added that Dakin 4 has shown that normal saturated 
fatty acids and their phenyl derivatives may be oxidised to /}-hydroxy 
and fi- ketonic acids by tho action of hydrogen peroxido on the acid 
without the addition of iron or its sails. 

Tho first oxamplo of oxidation by the use of mercury iii strong 
sulphuric acid was that of naphthalene, which at a temperature of 
about 275° is rapidly attacked and converted into phlhalic acid. 
Anthraquinone is converted by the same process jnlo hydroxyanthra- 
quinone, and by protecting tho hydroxyl groups by esterification 
with boric acid a hexahydroxyantliraquinono has been formed. Tho 
oxidation of aniline is greatly accelerated by the presence of mercuric 
sulphate at 275°. The use of pcrsulphates in presence of silver 
peroxido and silver pi Irate lias also been applied as an energetic 
oxidising agent, which can convert benzene into quinone. 0 

The catalytic oxidation of enzymes or oxidases is discussed in 
Part III, cliap. ii. ‘ ■ 

% 

Catalytic Hjdoggnation. To complete the series of catalytic 

i leans. Chem. Joe., 1894, 05, 899; 1899, 75, 57a. 

* 7V<ms. C/ies* Soc., 1900, 77, «9. s Bcr., 1898, 31, 1573. 

’ Oxidations and Reductions in tho Animal Hotly, by II. I), llakin. Monographs on 
Biochemistry: Longmans, Green, 1912. 

• Keinpf, Her., 1905, 38, 3903 ; Austin, Trans. Cliem. Soc., 1911, 09} £04. 
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reactions of organic compounds, montionnhould be madp of ‘halogen 
carriers’, which accelerate in a remarkable degree tho process of 
chlorination and bromination. Among tho more important are iron 
,and its salts, the chlorides and bromides of ant&nony, molybdenum, 
aluminium, and phosphori s, sulphur and’iodino. 

Catalytic Condensation, such as the jPriedel-Crafts reaction, is 
discussed under condensation (p. 195). 


Polymerisation . The term polymerisation is clearly marked out 
from the process dealt with in a succeeding section on condensation 
by the nature of the product. A polymerisation product is tne 
formed by the union of two or more molecules of the original com¬ 
pound in such a manner that depolymerisation' or clcayago into tho 
original substance, is easily effected. Tho conversion of acetaldehyde 
into paraldehyde is*an example of polymerisation, 

for tho latter on distillation with a small quantity of sulphuric acid 
fields the parent substance. Aldol (C 2 IJ,0) 2 , on tho other hand, 
cannot be broken up readily into acetaldehyde. Tho difference lies 
in the nature of tho link between,(the molecules: in paraldehyde it is 
^supposed to be effected by means of oxygon, in aldol by means of 
carbon. 


CH, 


CH 

0 / No 


CH *. 

O 


cii : cii 3 

Paraldehyde. 


CIL,. CII(OII). CII... Clio * 

Aldol. 


The property of undergoing polymerisation is peculiar to un¬ 
saturated compounds, from a natural tendency to saturate themselves. 
The formation of diisobutylene from isobutylene under the action of 
sulphuric acid or zinc chloride and that of benzene from acetyl mio 
must be included under condensation processes in accordance with 
the definition adopted above; but tho conversion of aldehydes into 
the polymolecular paraldehydes, and the thio-aldchydes and -ketones 
into4ri4kioaldehydcs and trithioketonos are examples of polymerisa¬ 
tion. polymerisation of tho aldehydes is effected by small quantities 
of catalysts, such as mineral acids and certain n etallic cTjlorides. 

The change is also exhibited by aromatic aldehydes when acted, upon 
by alkalis, but in this caso intramolecular change occurs and an ester 
is formed. Benzaldehvde yields benzyl benzoate# 

• • 2C 6 II 6 OHO = CgHjCIL.0. OC. C e U 5 . 
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Tho only If e tone which undergoes this change is acetone, which in 
presence of alkali yields diacetone alcohol CII 3 .CO.CH 2 .C(OII).(CH a ) 2 , 
but breaks up on heating into t acetone. Tho thio-aldeliydes and 
-ketones polyinerisd so much more readily than tho aldehydes 
that by acting on the aldehyde or ketone with hydrogen sulphide in 
presence of hydrochloric /icid polymerisation occurs in process of 
formation. 

Polymerisation is very commonly observed among cyanogen com¬ 
pounds. Cyanogen itself yields paracyanogen (CN)«, hydrocyanic 
acid in alkaline solution deposits on standing a brown amorphous 
compound, which is probably aminomah'iiic nitrile (CN)^. CHNIL, 
whilst the alkyl cyanides yield di- and tri-molecular compounds. 
Liquid cyamgcn chloride gives the solid tricyanogen chloride, 
cyanamide forms di- and tri-cyanamido (melamine). Cyanic acid and 
its esters also polymerise readily. Thiocyanic acid behaves likct 
cyanic acid. 

Light will sometimes effect polymerisation,in the conversion of 
anthracene into diunthraccne (see Part II, p. l it)). 


CHAIN AND RING FORMATION 

i 

I. CONDENSATION. UNION OF CARBON AN.!) CARBON 

The terms condensation and condensation nrodnet imply a process 
and its result which have never* been clearly delined, but which at 
the same time convey a distinct idea. Thus, the combination of 
ethyl alcohol and acetic acid to form an ester—;« reaction in which 
water is separated--would not be termed condensation, yet the union 
of two molecules of acetaldehyde to form crotonic aldehyde, in which 
water is likewise removed, would bo regarded as a t typical example 
of L,ucli a process. 

CII 3 .COOII 4 - GjILjOII = CII 5 . COOC.JT-, + 1I 2 0 

Acetic acid. Ethyl alcohel. Ethyl acetate. 

C1I 3 . Clio i C1I ;J . Clio - CII a . CII: CH. crio + ILO 

** I 

Acetaldehyde. Orotonic aldehyde. 

< 

Again, all reaction^ of which the conversion of aldehyde into altiol 
may bo'takcn as/the type, are termed aldol condensations, but in this 
case no water is separated. 

CII a . CIIO \- CII. { . CIlO = CH a . CII(OTI). CII,. CHO 

Acetaldehyde. ivldol. , ,, 
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It is easy to draw a distinction between the formatio.n of acetic 
ester*from alcohol and acetic acid and that of crotonic aldehyde from 
acetaldehyde. In tlie first reaction the two molecules are linked in 
tjie new product by oxygen and are again readily separated by 
hj'drolysis ; but in the second reaction the f|ew linkage is established 
between carbon atoms, and the product is consequently of a much 
more stable character. This might help us to a definition, were it 
not that in the third example no water is eliminated, although the 
new Combination is effected between carbon atoms. 

Altlio«gli»i f .fis true that the formation of aldol is covered by the 
tormj polymerisation and should, strictly speaking, be included in this 
category, yet it is distinct from tlio process ‘which gives rise to 
paraldehyde, a compound which, unlike aldol, is readily dissociated 
into the original aldehyde. In other words, tho ono is a reversible, 
tltf) other is practically a non-reversible*process. 

As the formation of aldol is intimately linked with that of crotonic 
alflehyde, it would be il\pgical to draw distinctions between the two 
processes, and tho term aldol condensation is therefore justified. 

Condensation may then be defined as the union of two or more 
organic molecules or parts of the same molecule (with or without 
elimination of component elements) in which the now combination is 
effected between carbon atoms. 

If this definition is accepted 'J will 'naturally embrace every kind 
of reaction in which new organic compounds are elaborated by tho 
.linking of carbon atoms. Used in this sense the word condensation 
can be conveniently applied to denote a certain section of tho moro 
comprehensive category of constructive chemical changes which aro 
included in the term si/nthcs's. 

There is no inlentitm of implying that the combination between 
carbon atoms is subject to different conditions from those obtaining 
among other elements. Tho union is, as a rule, more stable, but not 
necessarily so, and many reversible changes aro known, in which 
carbon atoms part company as well as combine. We shall sco 
presently that an almost equally stable union may be effected between 
carbon-nitrogen, carbon-oxygen, or cai*bon-sulphur, both in open 
chain and ring structures. 

It must be recognised, therefore, that tho distinction is an artificial 
one ;yid merely convenient. Also, for convenience, it is desirable to 
distinguish between external condensation , in which two or*moro 
different molecules becomo linked together, and internal condensation , 
in which carbon atoms in tho same molecule combine, leading to 
ring formation. * 
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Tho process of condensation is connected with the early history of 
organic chemistry and was the outcome of the first systematic 
attempts at organic synthesis^, * 

In the following*pages it is intended to give a general survey of 
the principal condensation processes. * 

Nature of Condensation Processes. The examples of condensa¬ 
tion (of which ring formation may he regarded as a special case) are 
so numerous and at the same time so varied in character that it 
would he impossible within tho limits of a single chanter to 
enumerate them in anything like detail. Nevertheless, it is possible 
to lay down certain broad generalisations under which the different 
reactions may ho gl ouped. 

, In the first place it will ho observed that union between molecules 
or parts of a molecule is neaiiy always determined by unsaturation 
and by a consequent tendency for llio unsaturated atoms «to saturate 
themselves. On this b.qsis condensation processes may bo roughly 
divided into two groups: those in which tfie combining molecules 
are induced to unito by being rendered, as it wore, artificially 
unsaturated as tho result of withdrawing certain elements, and those 
which, being already unsaturatod, combine either spontaneously or 
with tho help of a reagent or catalyst. 

To the first category belong thoso^substanees which, either by tho 
action of heat or oxygen, lose hydrogen, resulting in the union of 
ftie residual groups. Tho linking up of compounds by tho removal 
of halogen by the aid of a metal is illustrated by tho pihcesses of 
Fittig and Wurtz in chain formation, and by that of Freund and 
Perkin in tho preparation of ring structures. Condensation effected 
by the separation of halogen acid through the action of catalysts is 
represented by tho Fricdol-Crafts method with aluminium and ferric 
chlorides, and by that of Ullmaiin with finely divided copper. Tho 
removal of carbon dioxide by healing barium or calcium salts of 
Organic acids or their anhydrides and by oloctrotysis give?* vise in 
tho first case to ketones and in the second to paraffins and new 
homologous acids. 

It is, however, to tho second category, namely the union of 
unsaturated compounds, that 'the largest number of condensation 
processes belong. They may he divided broadly into tlioso in which 
tho <J'>mbining molecules are both unsaturatod, as in the union of 
acetylene with itself to form benzene, and tlioso in which one 
molecule is saturated and tlio other not. as in Michael's, Reformatsky’s, 
and Crignard's inactions (pp. 202-208). t 
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But the process which has afforded the rtiost varied and extended 
implication is one ^jhicli, for want of a hotter name, may be termed 
intcrmolccular isomeric change. In tlr chapter on isomeric change, 
IJfirt II, chap, vi, the various types of change aro enumerated and 
illustrated. These changes aro brought abo.it by the wandering of a 
hydrogen atom from one polyvalent atom to another in the molecule, 
accompanied by change of linkage. Suppose a similar process to 
take place between two polyvalent atoms belonging to different 
molecules, such a reaction would bring about mutual unsaturation, 
i'OSulting*in 71 ... ion between them. 

For example, the most common case of dynamic isomerism is 
tho keto-enol change, which takes placo when a liydrogon atom 
wanders from a carbon atom to a neighbouring oxygen atom. 

O :C. C1I ^ JlO.CrC 

I XX I y-X. 

Now if this change occurs between two molecules, one of which 
contains a CO group and\lie other si CII.J group, as in tho formation 
ot aldol, we have a typical example of this kind of condensation, 

o: c + eir 2 _> no . c- on c —-o 

/\ /\ II /\ /\ 

a process which may or may not be followed by the removal ot 
water and the production of an unsatureted compound. 

Many examples of similar iutermolecular isomeric changes occur, 
as for instance in Thorpe’s reaction (p. 252), whero tho union of 
cyanogen TJorivatives with |Jir 2 groups takes placo. 

N O + CII., -» IIN: C GII 

I xx. II 

Michael’s reaction might bo included in the sumo category, corre¬ 
sponding to a shitting of the hydrogen atom within the molecule of 
an unsaturated hydrocarbon radical (see p. 202). 

cii.,«tcii:cn -» cii—cii cir., 

Xx “ I I xx l I 

• 

If we consider the various types of isomeric change and tins largo 
number of compounds which they include, the wide range and 
variety of the condensation products to which the above process 
may bo applied will be easily realised. At tho same time it is restricted 
in its application, bein^ dependent mainly on tho .vicinity of contain 
active (usually negative) groups, and, to a smaller degree, on tho 
nature of the condensing agent. A paraffin, although it contains 
numerous Cil 2 groups, does noi undergo condensation of the aldol 
type with jyi^ildehydo or kttone under any conditions. Formaldehyde, 

pt, x N 
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the most inactive of these' substances, which readily condonses with 
aromatic hydrocarbons, cannot be induced to combine with methane 
or its homologues unless a negative group such as CO, CN, NG> 2 
replaces at least 1 one atom of hydrogen in the paraffin. The 
aeet.oacetic ester synthesis, in which two esters unite under the 
influence of metallic sodium or sodium ethoxide, is undoubtedly an 
additive process, although resulting in the separation of a molecule 
of alcohol. It may bo given the following general form : 

/Oil 

R. CO. OCjlljj + CII,X -> R. C( CHX-* •— 

» “ X 'OC 2 H, 

k.co.ch.x+c 2 ii,oit 

The X in the formula stands for an acid radical which may bo not 
only an ester group, but an* aldehydo, ketone, cyanogen, nitro ( or 
unsaturalod ester or ketone group, llC: CH. CO. * 

The aldol and benzoin condensations and Claiscn reactions conAist 
in the union of two molecules of aldehydo, frequently followed by 
the removal of water and formation of an unsaturated aldehyde, as 
already explained. 

R. CIIO H CII ,CO RIIC(OII). CH. CO -* RIIC: C. C: O 

i “ i i i 

Here again the CO group in the CLI,. CO complex may bo replaced 
t by carboxyl (Perkin's reaction), carbelhoxyl, and the othor negativo 
groups mentioned above, whilst the aldehyde may be substituted 
by a ketone (Claisen’s and Kupovonagel’s reactions, pp. 538, 241). 

Ring Formation. Nearly all the above reactions may becomo 
intramolecular if the necessary grouping isr- present, and in such 
cases ring formation follows. But the process in some cases is 
subject to certain limitations, which depend on the number of atoms 
composing the ring. The acetoacetic ester synthesis, for example, 
"may bo applied intramolceularly to adipic, pimelic, and suberic esters, 
but not to glutaric^or succinic esters. 

CII,. CII 2 . COOC 2 II 5 CII,. CII, 

-» V'O + C 2 IT 5 OH 
CII 2 . CII,. COOC 2 II, CII 2 . CII,. COOR 

I* other words; it is possible to form a 3, 6, and 7 carbon ring, 
but not uno of three or four carbon atoms. 

Baeyer's Strain Theory. The commonest type of cyclic com¬ 
pounds occurring in nature are those c insisting of 5 or 6 atoms. 
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and, as a matter of experience, they are*of all ring s(iiicllives the 
.most readily produfod, and the most stable under the action of heat 
and reagents. »' 

• An ingenious and very plausible explanation has been advanced 
by BaeySr under the name of the Strain {Sjmnntnifj) Theory, which 
is based upon stereochemical considerations. Supposing tho four 
valencies of carbon to be .directed towards tlm solid angles of a 
regular tetrahedron, they will make angles of 100° 28' with ono 
another. Anv distortion or deviation of these valency directions 
will leafl, according to the theory, to a condition of strain which wijl 
mako itself evident by loss'of stability, and the greater the strain 
the greator the instability. » 

Baoyor regards an olefine as the first member of the eyelid serios, 
in which the normal position of tho t'j’o bonds uniting tho carbon 
atfuns is assumed to bo bent so as to form straight parallel links 
between the atoms. The amount of distortion can be estimated, for 
each bond is bent inwarfls through half the total angle which tho 
two make with one another, \ (JO!) 1 ' 28') - 54’ 44'; in a cyclopro¬ 
pane derivative, in which the carbon atoms may bo supposed to 
nfake an equilateral triangle, tho amount of displacement will bo 
-l (109° 28' - 60°) - 24° 44'. The amount of deviation from tho 


is given in the following table : 

Cy loelhjuio (Ktliylcnu) ?. (109” 28') 

r»r ip 

Oy -Uipnipniio • 

4(109'’28' ■ 00") 

21" 14' 

('yc.InliutiOK 1 

1 1 100° 2S / -110") 

1»" IP 


i (1011° 28' - 10S") 

o' 1 1 r 

Cy 

}. (109° 28' — 120 J ) 

-tV 10' 

Cy loli<‘pt;uio 

i (loir 28' -128" :jp) 

-11" 

Cyclooctaim 

-i nou” 28' - IS.V-j 

- 12° 10' 


It will bo seen thM. the condition of greatest strain will occur 
in tho olefine, that of least strain in tho cyelopentanes, and then in 
the cyclohexanes. In the last three tho strain will be outwatds 
instead of in wards. • 

Stability *of Ring Structures. Wo will now consider briefly to 
what extent the experimf*ntal facts harmonise with Baeyer’s theory. 
It should be slated at the outset that the theory has reference to 
cycloparaPms and their derivatives, but does not necessarily include 
aromatic compounds or«heterocyelic systems, which will be considered 
separately ; for the unsTiturated nati re of the arolnatic nucleus and 
the presence of other atoms than carhon in tho ring may, atid 
probably do, affect the stability of the system. No great importance 
need tlicreforo he attached to ail observation such as that of 
Markownikvlf, who found that a cyclopentane• derivative on 
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brominatioif in presence of aluminium bromide is converted into 
a brominated benzene. « , 

At the same tim^ it is a signi ficant fact that among heterocyclic, 
as well as hotnocyclic compounds, 5 and G atom rings aro not only 
most*'easily prepared, but of commonest occurrence among natural 
products derived from animal and plant organisms. Although there 
are certain facts not in harmony with tlje theory, which, as Aschan 1 
says, cannot bo elevated to the position of a law, like the theory of 
Van’t Hoff and Le Bel, it nevertheless presents a rough picture 
of molecular mechanics, which has had the effected? stimulating 
inquiry and enriching the science with fruitful results. In studying 
the stability of the»cycloparaffinsand their derivatives, it is important 
to remember that this property varies with the nature of the radicals 
attached to the cyclic carboy atoms. Kotz, i who made a careful 
study of the subject, found that the stability of the cyclopropane 
ring is diminished by the introduction of alkyl groups and increased 
by that of carboxyl, and Buchner 3 has shown that the latter effect 
is furthor enhanced when the carboxyl groups are at tached to different 
carbon atoms. For example, cyclopropane 1,1, dicarboxylic acid 
undergoes disruption in contact with liydrobromic acid in the cold, 

CII 2 

/\ . (JIf.,Br. C1I.,. CII(CO.,II) 2 

TFC C(CO a lI) a 

tvhereas tin: 1.2 dicarboxylic acid is not affected even when boiled 
with the concentrated reagent. The effect of carboxyl on tiro stability" 
of 3- and 4-carbon rings is, iit short, so great that frequently more 
depends on the nature and position of the radicals than on the 
number of carbon atoms in the ring. 4 1 

We will consider first the stability of the different cyeloparaflins 

towards reagents, then the facility with which they are formed, and 

linally their conversion into one another. 

« 

Action of Reagents. Taking ethylene as representing the first 
member of the cyclic series, it is characterised by the ease with 
which it unites with halogens, halogen acids, strong sulphuric acid, 
and undergoes oxidation with permanganate. These,properties, 
which are manifested in the hydrocarbon its?lf. may be modified to 
a greater or less fextent, as wo have seen (p*. 110), in certain of its 

1 Chcmietlcr alicuklischen Vcrbhulnngen, by O. Aschan. Viewejj, Brunswick, 1905. 

1 ./. jnakt. Chrm ., 1903, 08, 150. 3 Atmn!cn f 1895, 284, 198. 

4 Perkin and Simonson, Turns. Chew. 1907,91, 817; lVrkin and Clolds- 
wortliy, Trans. L'h&n. Soc., 1911, 105, 2GG5; Kenner, Trans. Chan. Soc., 1914, 105, 
2085. ,J 
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derivatives. Cyclopropane combines with bromine in sunlight, 
though not so readily as benzene, to form trimethylono bromide; 
*it unites quite reacfily with hydrobrnmie and liydriodie acids, giving 
^normal propyl bromide and iodide, and with sulfihuric acid, forming 
propyl ltydrogcn sulphate, which on heating with water is converted 
into n-propyl alcohol. In all these reactions it resembles ethylene, 
but differs in its indifference towards permanganate, which is without 
action. Cyclopropane is decomposed above 550' (or, as Ipatiow 1 
found, at 100° by passing it through a tubo filled with iron filings) 
and gives p-oeyleno. Dimethylcyclopropane is completely converted 
into trimetliylcthylene when passed over alumina at 850°. • 

yCH, 

(cn a ),c< | (ciT.)... c:Cir.cir, 

X C1I, 

# Cyclobutane is inert towards halogens, hah>gen acids, sulphuric 
acid, and permanganate, and is unaffected by heat. Cyclobutanol is, 
however, converted by Vyilrobromic acid into 1 ,«‘l d'bromobutaue, 2 


-__~— ‘S 

II a C CIIOII 



ClI a Br CII 3 
CFL-Cl [Bl¬ 


and truxillic acid breaks up on heating into two molecules of 
cinnamic acid: 


c 0 ir 5 cir— jcii.cooie 


C,.ITr,CII: CII. COOII 


U fi II 5 CII-C[[. goon 0,11,011: CIT. COOII 

* Truxilliu aciil. * Cinnamic acM. 

but in these cases the stability of the ring is modified by the prcsenco 
of radicals. • 

Ill cyclopentane and cyclohexane and tlieir derivatives ring 
cleavage is never effected by any of tlio reagents mentioned above, 
unless the ring is jdready weakened by tlio attachment of oxygon to 
carbon in the form of ketone groups. 

Increasing stability of the ring up to five and six atoms of carbon 
is also proved by the heat of combustion, which is discussed at greater 
length in a later chapter (Part II, p. 68). It is there shown that the 
heat of combustion decreases from ethylene to cyclohexane, indicating 
increasing stability oi» decreasing energy content. Htolimnim and 
Kletfer compared the* mean difference botwooif tlio heats of com¬ 
bustion of the cycloparatlins and the paraffins, allowing for thojlwo 


1 Ber., 1902, 35, »063 ; 1903, 30, 20U. 

* Perkin, 1+ans. Chem. Sue., 1891, 65, 951. 
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additional Vydrogon atoms, in tho open-chain compound, the results 
of which aro given in calorics in column I, whilst the mean loss of 


energy is given in column II. . 



i 1 

i 

II 

1 

cals. 

cals. 

Cycloothiino (etliyleno) 

•HI I 

35.9 

Cyclopropane 

Cyclobutyino 

37.1 

31.9 

39-9 

29-1 

Cyrlopentanu 

. 10.1 

529 

Cyclohexane 

r 

143 

54.7 


Evidence of Ring Formation. It is well kno\En_J.hat, certain 
gfcneral reactions which lead to the foritiution of 5 and 6 atom rings 
fail when it is attempted to produce smaller or larger ring structures. 
The ace t toacptic ester synthesis when applied to glutaric ester is a caso 
in point (p. 178). Similarly calcium adipate, pimelate, and suberato 
yield respectively cyelopentanGne, cyclohexanone, and cycloheptanojio 
(p. 220), whereas calcium succinate gives in place of cyclopropanone 
a cyclic diketone of the doublo formula 1 ^ ' 


ClI a .CO.ClI a 


OIL. CO. OIL 


I 


Perkin * found, from his method of using sodium malonic ester and 
a dihromoparulfin in ring formation (p. 192), that whilst the 5-carbon 
ring is produced almost quantitatively, the 4-carbon ring is found 
ip smaller quantity and a still smaller yield of the 3-carbon ring is 
obtained. The G-cnrbon ring also gave a poorer yield .Ilian tho 
5-carbon ring, whilst tho 7-crrbon ring was prepared ’under con¬ 
siderable difficulty. 

Another interesting fact of the same order is the action of zinc on 
a/iS-lribromobutano dicarboxylic acid, which might form cithor 
a cyclopropane or cyclobutano derivative. 3 It is exclusively tho 
second reaction which occurs. 


ClljjUr 

COOII. CBr<^/*IlBr. COOII 

on. 


CII ? 

COOII. CBr/'yni. COOII 
CII, 


An observation pointing in tlie same direction was made by Thorpe 
and Campbell 4 in tho case of cyclopropane anilcyclobutano cyanacetic 
esters, the former, finder tlie action of sodiouyanacetic ester, giving 
ail open chain condensation product, whereas the cyclobutane deriva¬ 
tive combined, but preserved the ring intact. 

1 Feist, Bcr., 1835, 28, ?5l. * Btr., 1902, 36, 2105. 

9 Perkin amt Simonson, Trims. Chew. Soc., 11'09, 05, 1109. 

4 Trans. Chefn. Soc., 1910, 07, 2413. * 1 
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Experiments have been carried out by Tliprpo, Beosley, and Ingold 1 
to ascertain which of the two types of compound, I or II, would more 
easily form a cyclopropane ring. 




• • 


l-.HT 


n\p/ 


C 


USP )C< 107° 16' 

-/ \c 


\ S> 

■ ;G\ 109° 28' 
/ \q 


I. 


II. 


For if cyclohexane represAits a regular hexagon, the oiulocyclic 
angle® must be 120°, thereby changing the angle which the exocyclic 
carbon atoms irake with the cyclic carbon from 109 1 28' (the normal 
angle) to 107° 16'. It follows, therefore, from Baoyor’s theory that 
type I, where the carbon atoms are in closer proximity, should yield 
a throe-carbon ring more readily than type II. 

The two substances submitted to experiment wore u-bromocyclo- 
h^xane diacetic ester representing typ6 I and a-bronio-/i/i-dimethyl 
glutniic ester corresponding to type 11. 


n aC_Gn 2 ci/iir:Co 2 R 

h 2 c/ X 1 

II 2 C CIT 2 


CII.v /OIM3r(X)..R 
' ><X 

OH-/ MJIliH CO.,R 


The result clearly indicated that by removal of hydrogen bromide 
type I gave a more easily formed anti more stable ring than type 11. 


Transformation of Ring Systems. One of the most interesting 
features of this problem is the evidence of stability furnished by tl a 
change of one ring system bito another. 

The worlc of Zincke and Ilantzscn on the action of chlorino in 
alkaline solution on the phenols and other aromatic compounds has 
afforded numerous examples of the change of a 6-carbon ring into 
a 5-carbon ring. Wo may take the case of ordinary phenol which 
passes into a derivative of cyclopentane. 

C(OII) * 

IX}/X H CI 2 C,-,C(OII). COOII 

ndvJcii ’ (oiijc'X 01 ^ 

CTI OOl 

Most of the other phenols behavo in a similar fashion. 2 Wreden 
found that when benzene is reduced with hydriwdic acid at J)00 o , it 
yields a hydrocarbon C,.1I 12 , which was lirst mistaken for cyclo¬ 
hexane, but its low boiling-point (70°) and its conversion into 

» Trans. Chem. Soc., 1915. 107, 1080. , 

* Moyor-Jacobson, Leljtuch der eryanischm Chemie, vol. ii^ part i, p. S3. 
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a mixture of glularic, suqcinic, ami acetic acids on oxidation left no 
doubt as to its identity with methylcyclopentane. Zelinsky also 
found that cyclolioxanol, on reduction with h'ydriodic acid, giveh 
a mixture of cyclohexane add mothylcyclopentane. Aschau has 
since shown that cyclohexane changes to methylcyclopentane oh 
simply heating in a closed tube with or without aluminium chloride. 
A reaction of the same ^ind is the conversion of suberyl iodide with 
hydriodic acid into methylcyclohexane and dimethylcyclopentane. 
Cyclobutylcarbinol and hj r drogen bromide give eyeloiientyl bromide. 1 


1I 2 C.-.CII.CILOII IT 2 C,--cir.;' • 

' I -i irih-o 

n 2 d-'CK., ILd x/ iciIBr 

. - * CII 2 

CyclobuLyI«arbiuol. Cyelopentyl bromide. 

In all these cases it may be takon that there is a change from the 
less to the more stable ring system. f 

examples of the conversion of a I-carbihi ring to a 5-carbon ring 
are also furnished by pinene, which with hydrogen chloride passes 
readily into bornyl chloride, that is, from a bridged ling of d carbon 
atoms to one of 5 (see Part IH, p. 219). « 

Certain exceptions must bo recorded. Demjanow* found that 
by the action of nitrous acid, cyclobulylmethylamine is converted 
into cyclopcntanol and by loss of water into cyclopentone. This 
Reaction is, however, capable of converting a larger into a smaller 
system; for when cyclobulylamino is acted upon with nitons acid, 
it yiolds a mixture of cyclobutanol and cyclopropylcarbinol. 


H a C. - 
11.,C- 


CTI.NIL 

CII 2 


II.,C x Cll.,011 

■I\l 

II a C X C1I 


Cyclopentylmethylamino gives with tlio same reagent cyclolioxyl 
alcohol and cycloi/exylmcthylamine is converted into suberyl alcohol. 

Wallacli 1 explains the latter reactions by assuming the formation 
of an intermediate labile double-ring structure, which undergoes 
hydrolysis. ' 


CTT-CIU . CII 2 —CII 2s 

| >C1I. CILNIIjj -> | +N., 

C1I,—Cll/ “ CII 2 ~* CII ^ X CII. 2 

- n,o cir.,—ciL—cir 2 • 

CII 2 .CII(OII).CII 2 

1 Dcmjanow, Chum. Sor. Aftstr., 1910, 1, fc.38. 

* Chan. Soc. Atistr., 1903, 1, 403. 


Annulcn , 1907, 353, 331. 
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Further, cyclopentyl nitrite, obtained by # the action of jlvor nitrite 
on cyclopentyl iodide, yields, when treated with concentrated alkali, 
nitro-methylcyclobutane, 1 

CII 2 -CH*v 
*1 >CII.ONO 

CII 2 -CII./ 

Cyckq>entyl nitrite. 

• 

from*which it appears that cycl : c compounds without side-chains 
pass in^o ^mallgr rings with side-chains, whereas, if a side-chain is 
present in the original copipound, the tendency is to form* a 
larger ring. 

In concluding this account of the conditions wlrch determine 
the formation of the cycloparailins, a description of the preparation 
of some of the simpler members of tin "group is appended. 

The preparation of cyclopropane is described under Wertz's 
method (p. 188), and wsw first effected by Freund. Like propane it 
is a gas. Methylcyclobutane was prepared by Perkin by the method 
above referred to ; cyclobutane it.se 1 p was obtained by Willstiitter- by 
a method which he has successfully applied to the preparation of 
other cycloparailins and which requires a little explanation. Cyclo- 
butanecarboxylic acid, obtained from the dicarboxylic acid (prepared 
by Perkin), by heating is converted into tho amide, which by 
Hofmann's reaction is transformed into tho amine. From this, on 
methylation, cyclobutyltetramothylammoniuni hydroxide is forint ll, 
which on distillation luges trimethylamine and water ami yields 
cyclobutene. Tim latter is finally reduced by the Sabatier-,Senderens 
process (p. 104). 

CII 2 —CII. CO. NIL CIL-C1I. NIT, 

II — I " I -> 

CIL—CIL OIL—OIL 

OIL —CIS. N(CII a ) a OII OIL—CTI i 

* I I ‘ -> I “ || H JLO-t N(CII,) ; , 

C1I 3 —Cir 2 OIL—CII 

Cy,‘Iobiil,‘iic. 

Cyclopentane was first prepared by Wisliceuus from cyclo- 
peiitanono by reductiop (p. 181)). Cyclohexane was obtained in tho 
sam* way from cyclohexanone by Zelinsky, 1 Loin cyclohexudione 
by Baoyer (p. 225), and by Perkin from hexamcthylencdibfomide 


>011.,-C(CII )N0., 

I “ I 

CIL--CIL 

^ i .lM-mt'l hy li-ydol uitniic. 


1 RosanolT, Chan. Soc. A bstr., 15)15, i. 057. 
8 Her., 1905, 38, 19512. 
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(p. 11)2). Jt has also bosn obtained by the direct reduction of 
benzene (p. 1G3). 

Cyclohoptane has been prepared by Markowniltow 1 from suberic* 
aeid by Wislicenus’ hiothod, that is, by conversion into the ketone and # 
reduction in the same maimer as cyclopontano (p. 200). It4ias also 
been prepared from the ketone by conversion into the oxime and 
reduction to the amine bp Willstfttter,® who used the method applied 
in the case of cyclobutane. 0 


CII 2 . CII 2 . C : NOII 




CII...CII,. CO 

I 

GIL. 

I 

CII 2 . CII 2 - CII 2 ' CII 2 —Cl!.,. CII 2 


CII 2 i 


CII 2 . CII 2 . CII. NILj 

T • | * • 

CII 2 

I 

CII 2 - CII 2 -CH 2 


Cyclo-octane has also been prepared by Willstiilter 3 and Veragulli 
from pseudopelletierine by exhaustive methylation. Pseudopolkj- 
tierino is an alkaloid found in pomegranate and is related to tropinono 
(Part III, p. 818). On reduction it yields Nmclhyl granatinino. 


CH 2 - CII-CII., CH.,—CII-CII., 

II I “ II I 

C1I 2 NC1L CO CII 2 NCII.j CII., 

II I II I 

Cir 2 — CII —CII 2 CII 2 —CH-CH a 

l'scudopi'llotifr'iio. N-motliyl granatiniiio. 


On methylation the bridge is broken and the following substance 
is formod, which on distillation loses water and trimoth ylamine and . 
gives a-eyclo-octadieno. % 

N(CII a ) ;j OII 

I 

CM— CII-CII 2 CM.,—CII=CII 

I I I “ I 

CII., CII 2 -> CII 2 CII 2 

I > I I I 

CII 2 - CII=CII CII 2 —CH—CII 

Cyrlo-oetadieno. «. 

This compound rapidly polymerises, but if converted into the di¬ 
hydrobromide and hydrobromic acid removed with quinoline, a second 
more stable /2-cyclo-octadiemf is formed, which on reduction by 
the Sabatier-Senderens method gives cyclo ( -octane. Cyclononano 
has been prepared by Zelinsky * by Wislicenus’ method from sehacic 
acid by distillation of the calcium salt and conversion into the cyclic 
ketone. 

1 J. liuss. phys. iChtm. Soc., 1893, 25, 3G4. 

8 Her., 1907, 40, 057. 


2 Her., 1908, 41, 148. 

* Her., 1907, 40,3^77. 
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The following are the boiling points of 4ho cyclupnrnlftis and tho 
corresponding defines and paraffins: 


Number of 
carbon atoms. 

Olefine. 

1 hiraflin. 

« 

«yrlii- 

]>arallin 

a 


- 35 ’ 

-15° 

4 

-it 1 

+ 1^' 

+ r 

5 

+ 4U’ 

■19 » 

so" 

6 

• 69° 

Sl“ 

69" 

7 

95“ 

117“ 

9S 1 

S 

1009 

1 16“ 

i“<;‘ 

y y 


171“ 

150“ 


Kkfkkknce. • 

Chetnie Her alicyMisclicu VnbindioujcH, by O. Asolian. Vicweg, Brunswick, 1905. 


Gfoap 1. Condensation by separation of Elements. 

Removal of Hydrogt/n. Under tho action of heat and certain 
reagents condensation may take place with loss of hydrogen. 

,Bcnzene passed through a hot tube is converted into diphenyl. 

• 2 c tl ir,-cjr,.c 0 n,+ii,. 

Diphonylmetliano yields tluorene, ami stilbeno is converted into 
phenanthrene. Isobutylene wlit.i heated with strong sulphuric acid 
yields a mixture of isomeric diisobutylenes; but this reaction is 
no doubt brought itbout by the alternate addition and removal of 
sulphuric* acid rather than by the direct elimination of hydrogen. 1 

1 ’ ’ * /CU a 

(CH a ).C: CIL, + H a S0 4 - (Gll a ) a . C< 

XSOJI 

yCU, 

(CH^C: Oil, + (CII ;) ),C< - (CII 3 ) £ 0: CII. C(CII a ) a + II a S0 4 

X SO. l II 

Hydrogen may also be removed and condensation induced by tho 
action’ot oxidising agents. An illustration of the process is afforded 
by the linking of two injloxyl (thioindoxyl or bromindoxyl) groups 
in alkaline solution in presence of atmospheric oxygen, to form 
indigo and its derivatives, 

CO , CO CO CO 

+ -» C B II 4 <^>0 - 0<^>C„IJ 4 

Nil Nil Nil Nil 

Indoxyl. Indigo. 


1 Butlc&ow, Annalcn, 1877,180, 65. 
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Tho uso (l of oxidising agonts is usually more effective. Dimethyl- 
aniline, for example, when oxidised with sulphuric acid and lead 
peroxide is converted into tetramethyldiaminodiphenyl and thfe 
formation of magenta from K mixture of o- and jp-toluidine and 
aniljno may bo cited as a similar case of condensation. 

Removal of Halogens. It was in the pursuit of the free radicals 
that Frankland first usOd potassium and the alkyl cyanides, which 
in 1849 ho replaced by zinc and tho alkyl iodides (p. 35). 1 This 
inquiry resulted in two discoveries of the highest importance— 
the synthesis of the paraffins and tho production of^ihe lirs't organo- 
metallic compounds. Tho method devised by Frankland of using 
a metal to remove the halogen from an organic halogen compound, so 
as to effect a union between tho residu.il parts of the molecules, has 
undergone a wido extension., 

** 

The Method of Wurtz. In 1855 Wertz* introduced sodium in 
place of zinc for proparing different paraffins from tho alkyl iodides, 
as, for example, butane from ethyl iodide, 

2CUI 5 l4 2N.. - C,ll 10 +2NaI 

and the same method was applied by Fitlig 3 in 1803 to tho prepara¬ 
tion of tho liomologues of benzene: 

C u II,Br + CH a I + 2Na - 0,11,. CIL, » NaBr \ Nal 

Brniiiobun/cnr. , Toluene. 

In 1868 Wislicenus* employed finely divided metallic silver in 
llie synthesis of dibasic from monobasic acids. 

, OIL, .*CII a . COOII . 

2CII.J. CII,. COOII + 2Ag - | 4 2AgI 

CII 2 . CIT 2 . COOII 

/Modopropionic acid. Adipic acid. 

Finely divided copper, although occasionally used in placo of silver, 
has only received extended application as a condensing agent in 
recent years 5 (sotf’p. 199). , 

* Tho formation of benzoic ester by Wurtz from bromobenzene, 
chloroformic ester,*and sodium, 

C 0 II 5 Br + CICOOC.II, + 2Na - C t! II,COl)C 2 II 5 + NaBr + NaCl 
and that of sodium benzoate from bromobenzene, carbon dioxide, and 
sodium by Kekule 0 are merely modifications of tho same process: 

Cgllr.Br 4 C0 2 » 2Na - C,TI-C06Na4 NaBr 

*■ *• • 

l Phil. Trans., 1852, 142, 417 ; Annulen, 185a, 85, 329. 

9 Annulen , 1855, 08, 3G5. 3 Annalen, 1SG3,131, 301. 

4 Annalen, 1868, 149, 221 ; \er., 1869, 2, 720. 

6 Ulliiianii, Her* 1903, 36, 2383; 1901, 37, 853: Annalen, 1904, 332, 38; Per.. 
1905, 38, 729, 2120, 2211. « Annalen, 1866, 137, 180„ t 
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i 2NaBr 


Tlio same principle lias been applied by Freund 1 to the production 
pf ring compound^ by internal condensation in tlio synthesis of 
cyclopropane from trimethyjene broyiide and sodium or zinc, 

OILBr ' OIL . 

/ “ / 

OIL 4 Niu — OIL 

CII a Br • OIL 1 

and by Pork in, jun., 2 and his collaborators in the syntlu-sis of methyl 
cyclobufftTW fro 11 ^ 1.4 dibromopenlane, 

CH a —CHBr.CII,* OIL -Oil. OIL 

| -t Na, = | “ | fc 1 2NuBr 

OIL—CILBr “ OIL OIL 

and cyclohexane from hexainetliylejio dibromide, 

* CH 2 . 01I 2 -OILBr OIL—OII 2 —OIL 

| -1 Niijj — j | ^ 2NaBr 

OIT 2 —Cl I 2 —OIL 7»1* CII,—01I,—CII 2 


Removal of Sodium by Halogens and Halogen Compounds. 
She Method of Wislicenus. The discovery of a series of organic 
• compounds of the nature of 1.8 dikt tones, such as acetylacetone, 
acetoacetic ester, malonie ester, acetone dicarboxylic ester, and 
similarly constituted compounds, such as cyan acetic ester, benzyl 
cyanide, desoxybenzoin, &t\, which form sodium compounds by the 
.replacement of hydrogen by sodium, gave a new impulse to the study 
of organic * ynlhesis. The further discovery by Conrad 3 that in the 
preparation of the sodium compounds metallic sodium or dry sodium 
othoxido could he replaced by an alcoholic solution of sodium 
cthoxide added greatly to the convenience of the method. We are 
not concerned for the moment either with the structure of the 
sodium compounds, which has been discussed under (automerism 
(Part II, chap. vi).**or with the mechanism of the formati<m of the 
compounds •themselves, which finds a place under the ucetoucctic 
ester synthesis (p. 222), Our attention at present will bo directed 
to the description of a few of the more important synthetic operations 
in which the sodium compounds have been utilised. 

Before doing so, it will clear the ground in connection with this 
and vi.any other reactions to he subsequently described,,if thejzmdi* 
tions which determine the mohili 1 y of a hydrogen atom in a iftydro- 


1 Mo,1, (1st, . 1SS2. 3, .125. 

* Trail*. Chrwsnc., INKS. S3, 201 ; 1801, 05, 5flO. 

3 -Aimakn, 1880, 210, 127. • 
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carbon (CJI 2 ) group are* more carefully defined. As a rule tlio 
proximity of a negative group produces this effect; but in a varying 
degree, depending partly on the strength of tho negative group, partly 
on that of the motdl or metallic compound used. Acetone, in whicfy 
one CO group is present, doos not react with sodium etlioxide, though 
it forms a sodium compound with metallic sodium. A phenyl 
group enhances the mobility and acetophenone C 0 IL,. CO. CH 3 is 
more reactive, but here again sodium etlioxide is without action. If, 
however, sodamide be substitutcd*and the product acted on with an 
alkyl iodide, tho threo hydrogen atoms of the methyl group may bo 
replaced successively bj r alkyl groups. 1 * 3 Tho presence of a phenyl, 
cyanogen, carbethotfyl, or an ethylene group produces much tho 
same oflect.as a carboxyl group. A nitre group may, on tho other 
hand, determine tho formation of a sodium compound. In all these 
cases the presence of a second nogalivo group will produce tho 
required mobility of the hydrogen atom, which seems necessary to 
produce a sodium compound. Consequently reactivity is manifested 
(1) by tho 1.3 diketones with the group CO. CII 2 . CO, which includes 
esters like inalonic ester, (2)' by compounds with tho group 
CO. CII 2 • CN, such as cyanacotic ester, (3) by those with tho group 
CO. CII 2 . C G II r „ like phonylacetic ester and desoxybonzoin, (4) by . 
substances such as C,.II-,. CII 2 . CN, and (5) finally by compounds 
which contain an ethylene linkage CO. C1I 2 . CII: CII, such as 
glutaconic ester C (i ll OOC. C1I 2 . CII: CII. COOC 2 II 5 , which can bo 
methylated by the action of sodium etlioxide and methyl iodide,' 
yielding a mono- and dimethyl derivative. 11 " ■ 

We will now turn to tho various reactions in which the formation 
of a metallic derivative enables the above group of compounds to 
participate. If to an alcoholic solution of those compounds contain¬ 
ing tho equivalent of one atom of sodium, an alkyl iodide is added 
and the liquid boiled until neutral, sodium iodide separates and tho 
alkyl derivative ii/formed. Tho process may usually be repeated by 
•adding a second atomic equivalent of sodium in alcohol and a second 
molecule of alkyl iodide, when the dialkyl,, derivative is obtained. 
If these sodium compounds possess, as they admittedly do, the 
cnolic structure, the action of-the alkyl iodide must be represented 
by some such general schemes as tho following, in which addition 

precedes substitution (see p. 12-1 ).* . 

* 

1 'ilnller ami Bnm-r. r>wpl. rend.. 15)09, 148, 70. 

* lion rich, Iter., 1 Si»K. 31, 21\>3. 

3 Micliarl, •/. prnkl. ('Iwm., 1892, 46. 191 ; 1899, 00. 316; Avunion, 1891, 208, 
67, 113; 1892, 270, 330; Thorpe, Trans. Client. Soc., 'j900, 77, 923. , , 
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—C(ONa) - CH— = -CO.CIIR —a Nal 

! + : 

I • R 

and —C\ONa) = CR— = • CO . CK a 1 H Nal 

• + • 

I R 

It will be seen that the negative iodine unites with the positivo 

sodium and the positive radical with the dirhon which forms part 
of a aegative group. 1 It should bo noted in passing that by substi¬ 
tuting pggdiiie^or sodium etlioxide as condensing agent, the alkyl 
attaches itself to the oxygen i|»d Iho isomeric enolic form is produced. 

The use of these methods for synthesising acids and ketones from 
acetoacetic ester, and acids from malonicand cyaifticetic ester, belongs 
to the elementary facts of organic chemistry and need not' bo dis¬ 
cussed in detail. 

•if, in place of an alkyl iodide, iodine is added to the alcoholic 
solution of the sodium compounds, polybasic acids may bo obtained 
from acetoaeotie ester and inalonic ester as follows: 2 

2CII a . CO. CII 2 . COOC 2 II 3 4 2CJI,0Na 4 I 2 

Acctoacotic vster. 

CII 3 . CO. CII. COOCJIr, 

- ■ | “ ■ + 2NaI 4- 20,11 ,011 

CII : ,. CO. CII C00C 2 II 5 

Diacolosuccinic ostur. 

• 20 II a (COOC 2 II,) 2 4 2C 2 II a ONa + I 2 

Mu Ionic-ester. 

CII(COOC 2 IId 2 

= | +2NaI i 20,11,011 

CII(COOC 2 H fi ) 2 

Ethano tetraoarboxylic ester. 

This method* has been used in the preparation of a cyclohexane 
derivative by acting upon the disodium compoun 1 of acetone dioar- 
boxylic ester with iodine. * 

2C 2 II 5 OOC. CIINa. go . CII Na. COOGJI, 4 2T 2 4- 4C ,II fi ONa 

C,II. r) OOC. C II C O 

- C 2 1I,,00C. IIC<^ ^>CII. COOCJIr, 

. CO CII.COOCJI- 

Again, if a halogen'derivative of a fatty ester like chloracety ester 

1 Tliis viow is pmbof1i«*«l in Micharl's 4 positive-negative’ theory (see p. 1H). 

* Harrow, Annalen , 1880, 201, I'iS ; BisclioiF ahd Ituch, Her ., 1S8-1, 17, 2781. 

9 v. Pocljwann, Ber., 1897?30, 25C9. 
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is allowed to interact, a variety of polybasic acids may be prepared, 
which the following examples will sorvo to illustrate: 1 

ri ; ,cocii 2 cooc.,n, . cii 3 cochcooc 2 h, 

4-NaOCJI, 1 I '+NaCl + C i4 II 5 pH 

4 CIC1I 2 C00C 2 II 5 CII 2 COOC 2 II 5 

Acetosuccinic ester. 


CIL(COOC 2 II,), 
+ C1CILC00C 2 II, 


I- Na(xy I, - I 


CH(COOC 2 H s ) 2 


+ NaCl + C,ILOII 




CII 2 COOC 2 II 5 

Etlienyl tricarboxylic estc^ 

#Chloroformic ester is an exception to /.ho general rule in producing 
mainly the cnolic csV;r, 

OCO. OC.JI, 

CU 3 • cv 

Nm . coocul 

# “ 

Cyanacelic ester behaves in precisely the same way as nialonic estf r. 
To lake one example, symmetrical dimcthylsuccinic ester has bofii 
prepared as follows: * * 

By the combined action of cyanacetic ester, a-bromopropionic ester, 
and sodium ethoxide, cyanometliyl succinic ester is first obtained. 


CN 


cir. 


CII., 4 BrCII 4- NaOC.,11, - C1I- 


CN CII., 

I 

—CII + NaBr+ CJLOII 


I 


ooocui, coocu i, cooan, (xioq, li , 

'/lie substance is then hoiled up with methyl iodido an<J sodium, 
ethoxide, when the following cjiango occurs: ‘ , 

CN CII., CII, CII, 

II' II 

( II CII I CII.I + NaOC,II, - (CN')C- -• CII + Nal + C 2 II 5 OII 

II “'ll 

COOC 2 II, C()0C 2 1I- CJI.OOC COOC 2 IT fl 

Finally, the product is hydrolysed with hydrochloric acid, whereby 
tjiu cyanogen group is converted into carboxyl amV removed .as qarbon 
dioxide, yielding symmetrical dimcthylsuccinic acid. " 

#• 

The Synthesis of Cyclic Compounds (Perkin's Method). The 

formation of sodium compounds of 1.3 diketones, more especially 
of malonic and acetoacetic ester, lias found a further important 
application in the production of cyclic compounds. 3 The subject 
can o«ily ho brioily outlined. 

1 Bisdioff utui Kadi, Aimalev, 1SS2, 214, 38 ; 18S6, 234, 36 ; Conrad, Annaten, 
1877,188, 218. « 

a Homs and Sjiran!ilin}i, Trait*. Hirm. Sac., 1899, 7?, 839. 

’ W. 11. lVrkui, f iim., Her., 1902, 35, 2091. 
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Ethylene bromide and sodium maloufe ester give cyclopropane 
jtlicni boxy lie ester. c 

CITj.Br /COOCJL, 

• i ‘ + CII.< ' + 2NaOC 2 IIj 

CH 2 Br " n COOC 2 IT, 

C1I 2V /COOCJI, 

= 1 , h 2NaBr+2C.,II,OH 

Clf/ x COOC 2 II, 

The product v^hen hydrolysed gives tlio dibasic acid, and, on 
heating, the' corresponding mpnobasic acid. • 

In a precisely similar fashion trimuthylene bromide, pentamethy- 
lene bromide, and o*xylyleno bromide have been converted into cyclic 
compounds having the following structure : • 

CH, _CII, 

CH 3 <^>C(COOC 2 TT f) ) 2 CII 2 <^ ^>C(COOC..II,) 2 

CH 2 * II,<J "~CII 2 

C1I 2 

C G H 4 < /,N >C(COOC il H fl ) 3 

CH* 

From each of these the corresponding di- and mono-basic acids 
have been prepared. • 

Cyclic formation .may also be effected in the following way: 
othylene chloride, malonic ester, and sodium ethoxide yield, in 9 
addition to Jhe? cyclopropane compound already described, an open- 
chain ester. 

CII 2 C1 C H 2 (COOC 2 H-,) 2 CH* .CII(C00C 2 1I ) 2 

| + + 2NaOC 2 II 5 *=| + 2NaCl 

CII a Cl CH*(COOC*U ri )* CII 2 .CII(COOC 2 II,) 2 

If this butane tetracarboxylic ester is converted into the disodium 
compound and theif treatod with bromine or iodine, ring formation 
occurs. • 

CII,. CNa(COOC a II^ 2 CII 2 —C(COOC 2 H 5 ) 2 

| + Br 2 =11 + 2NaBr 

CII 2 . CNa(COOC 2 II,) 2 CII 2 —C(COOC 2 II-) 2 


In place of ethylene chloride trimetliyleno bromide may be used 
when eyclopontane tetracarboxylic ester is formed.* * \ 


yen *. ch(cooc 2 h 5 ) 2 

CH a 

Nlfl*. CH(COOC 2 *lL,) a 


/CHt-CiCOOCzU^ 

Clli 

—C(C$0C 2 II - ) 2 


rr. i 


o 
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Furthermore, by introducing methylene iodide in place of iodino 
in the last reaction, a cyclohexane derivative is obtained. 
yCll 2 . CNa(COOC 2 II 5 ) 2 - ^CII.*—C(COOC 2 H,) 2 

CII 2 +CH 2 T 2 = CII 2 \cH 2 + 2NaI* 

\cil 2 . CNa(COOC 2 H 5 ) 2 ^CII 2 —C(COOC 2 H,) 2 

Each of these tetracarboxylic esters may be converted into dicarb- 
oxylic acids by the usual process of hydrolysis and heating. 

The abovo series of reactions When applied to acctoacetic ester, 
bonzoylacetic ester, or acetone dicarboxylic ester gives p* somewhat 
different result. '' 

Ethylene bromide, acetoacetic ester, and sodium ethoxide yield 
not only ncetylcyclopropano carboxylic ester, in which tlio action 
proceeds normally as in tho case of malonic ester, but tho enolic 
form of acctoacetic ester also comes into play, giving an inner ether, 
methyldehydropentone carboxylic ester. 


CII 2 /CO. CII, 

I N C< 

VU./ \COOC 2 II 5 

Acctyleyrlnpropauo 

carboxylic otcr. 


CII 2 --0—C.CII., 

I li 

CII 2 - C.C00C B 1I ( 

Met liy hlcliy ilropmit one 
carboxylic, ester. 


In the case of trimcthylene bromide, tho sccoml reaction proceeds 
to the complete exclusion of, the li \st. On hydrolysis of tho above 
esters, the acid, which is formed, loses carbon dioxide on heating and 
gives the following products : 

CJIuv CII,—0 -O.CII 3 J 

| >ClI.CO.Cl‘l 3 | “ II 

CII/ CII 2 -CII 


Removal of Hydrogen Chloride. Many halogen compounds 
condense directly with other organic compounds on heating, with 
the elimination of hydrogen chloride. Jietizyl cyanide and lluoreno 
; unite in this way with benzophenono diclilorido: 


Cr.Ur.v . ,OJT, C (i II 5V /C„ll, 

no • n/ 


<,l ’ :, NciI. + C] 2 c/ - >'J: C< + 2IIC1 

CN/ “ “ \C (i II, CN/ X C c II 5 * 


<VU ;c u ii, c fi ir 4X /Cjr, 

I >(JII 2 -tCl 2 C< -! >C:C" 

- C (i Il/ X C n lI, 0,-11 4 - X C,;1I 5 


-f 2I1C1 

tl 


Carbonyl chloride comhines with dimethylaniline, 

/G e Il 4 N(ClI -) 2 

C0Cl r + 2C 0 11 6 N(CII 3 )., «= C0<; + 2I1CI 
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and benzotriclilorido forms a derivative ftf triphenylinetliano with 
phenols. 

✓<W>n 

0,11^013 + 2C 6 H a OH = GK\ L\,ll 4 ol£ + 2HCl 

^II 3 


Reimer-Tiemann Reaction . 1 In this reaction chloroform and 
carbon tetrachloride unite with phenols in presence of caustic soda 
solution or sodium ctlioxide, giving liydroxyaldohydes in the first 
case and liydroxy # jicids in tho second. 

With*ordinary phenol a mjxturo of o- and p-hydroxybenzaldohytJo 
are formed. 

.ONa 

C c H 5 OII 4- CIICI 3 + 4NaOII = C i; II^ + 3NaCl*+ oILO 

X CII 0 


# Witli ordinary phenol and carbon tetrachloride, tho p compound 
is tho main product. 


• .Oil* 

CJIsOH + CC1 4 + SNaOII = C (i H,< + 4NaCl + 3II.,0 

x COONa 


■ The Friedel-Crafts Reaction. The reaction, discovered in 1877 
by Friedol and Crafts , 2 3 in which nnnydrous aluminium or ferric 
chloride are tho active agents, lias had an extraordinarily wido and 
varied application in organic synthesis. It is conucctod more 
particularly with the union of aromatic hydrocarbons and tluig 
derivatives witlra variety of other organic compounds, such as alkyl 
halides, acid chlorides, &c. Hydroxy 1 and amino groups, if present 
in the nucleus, must be protected by converting tho former into an 
ether and the latter into an acetyl derivative. Nitro compounds do 
not react. 

Hydrocarbons can bo obtained by combining an alkyl halide, e. g. 
methyl chloride, with benzene in presenco of anhydrous aluminium 
chloride, when a vigorous evolution of hydrogen chloride occurs and 
toluene is formed. 


c (! ii (} + cii a «[ + Aici. ] - c 0 H-. c;ir 3 +iici 

v Ketones can bo prepared in tho same way by usirfg an aromatic 
hydrocarbon and an acid chloride. Benzene and acetyl chlorido givo 
acetophenone. m 

. C (i II ( . + CIIj. C0C1[ + A1C1 ; ,1 - C..IL,. CO. €H ;1 +4TC1 J 

According to V. Meyer '* a second acetyl group can only be intro 


1 Her., 1870 , 9 , 1285 . 

* 0‘Utpt. riinil., 1877 , 84 , 1392 ; Ann. Chim. Phys ., 1884 ,*' 6 ), 1 , 500 . 

3 Hy 1890 , 29 , 847 , ? 413 , 2508 . . 
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duced if b«ih lie between two ortho methyl groups as in mesitylene. 
If, in place of acetyl chloride, chloracetyl chloride is substituted,^ 
a third radical is readily introduced. 1 

Carbonyl chloride and benzene react in a similar manner. # 

• 2C„1I 0 + COCl 2 [ + A1C1 3 ] = C,.II,. CO. C 0 II 6 + 2IIC1 

Aldehydes have been obtained by uniting an aromatic hydrocarbon 
with a mixture of ctyi'bon monoxide and hydrogen chlorido in 
presence of dry cuprous chloride and aluminium chlorido. 2 
j)-Tolylaldehydo has been prepared from toluene. 

. /CH, ' 

c G iir,. gu ,+ iici . co - c (i n 4 < + nci 

x CII0 


A bbtter method was subsequently found for obtaining the alde¬ 
hydes of phenols and phenol .ethers by the use of the compound of 
hydrogen chlorido and hydrogen cyanide. 1ICN. IICI -is prepaied 
in situ by passing thq mixed gases into the phenol other and 
aluminium chloride. The imiuo-compound, which is formed, is 
aciditied with hydrochloric acid and distilled in steam, when tho 
aldehyde passes over. 


C c II,OCII 3 + C1CII: NII[ + A1C1;, | - C 0 II.,< 


/ 


OCH;, 


4 IICI 


> ,OClI a 

C u H 4 < +II 2 O^C,.lT l < . 4 Nil, 

XPIT.NTT XJHO 


\CII: Nil 

, 0011 / 

CIT: NIT 

* 

Aldoximcs aro obtained by r combining chlorofornialdoxime with 
phenols® or aromatic hydrocarbons with mercury fulminate, 1 tlio 
iirst reaction taking place as follows : 

,011 

C, ; lL,0II + C1CH: N01I = C fi H./ 4 IICI 

\CII: NOII 


and the second, in presence of a little aluminium hydrate, according 
f to tho following equation, which gives a yield of seventy per cent, 
of syn-aldoxime :• 

C fi II (i 4 C: NOII - C/I-.CII: NOII 

From both compound^ aldehydes are readily obtained by 
hydrolysis. 

Acids can be prepared either by the action, of carbonyl chloride in 

i * 

« 1 Her., 1901, 34, 1826. 

* tSatternuum ami Koch, Ber., 1897, 30, 1622 ; Annalen, 1906, 347, 347 ; 1907, 

357,313. t 

» Scholl, Ber., 1901, 34, 1441. 

* Scholl, Ber., ,1899, 32, 3493 ; 1903, 30, 10, 322. , , 
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# „ 

the proportion required to givo the acid chloride, which is thou 
•hydrolysed, • 

C g H 0 + COCljj[ + A1C1 ; , J Gyi-COCl -4 C 0 II a COOH 

or by the action of chloroform amide, which is obtained by heating 
cyanuric acid in a current of hydrogen chloride, the vapours being 
then passed directly into the hydrocarbon containing aluminium 
chloride. The amide of tht^acid is finally hydrolysed. 

C 0 1I,. h # Q1C0N1L[ + A1C1, ] = C,1I ,C0NII, + IIC1 

Vorliinder 1 has succeeded in condensing bon zone with cyanogen) 

CJI..+ (CN), - C,II,C(CN): HU 

which yields benzoyl cyanide on hydrolysis. 

Aluminium chloride has also been qj?ed by Kipping 1 for effecting 
irfternal condensation in the caso of phenylpropionyl chloride and 
phonylvaleryl chloride, in which ring formation occurs, the first 
giving rise to hydrindone, and the second to benzocyclo-huptanono . 1 

CIT., 

cyi-. cn,. cit,. coci c (i n 4N ^>eir 2 

co 


OH, C1I 2 

c,jT-. cti, . cir,. ctt, . on,. cooi -> cyr 4 <^ ^>cir 2 v 

oCToir, 

w 

m Combes , 4 by acting on bntyryl chloride with aluminium chloride, 
obtained a cyclohexane derivative. 

CO OH. 0,11.-, 

SC.lKCOCl C 2 II,. lie/ >C0 

CO CII.CJI, 


In most of the foregoing reactions a halogen compound is used in 
conjunction with the h^lrocarbon, ami hydrogen chloride isovolved. 
But aluminium chloride can also act as a condensing agent by virtue 
of its dehydrating action, and in other ways. Thus, phtlmlic 
anhydride and benzene condense to o-benzoylben/oic acid : s 

• ,C0 X • •COOH 

C 0 II 4 < >0 4 C 0 IU + AIC1 ; ,J ~ CfiH.C 

MXK \(X).C o n, 


1 Bn., 1911, 44, 2-155. 2 Trans. i'h,tn. Hoc., 1891, 05, -184. 

* Kippm" iyitl Hull, Proc. Shew. Sac., 1899, 15, 172. 

* Crnnpt. rend., 1891, 118, 1320. 6 Holler and Seliiilkc, Btr., 1908, 41, 8(127. 
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Phenylcarbimido combines to form henzanilide, 

C c II (! + CO: NC G II a [ + A1C1J - C«II,. CO * Nil. C 0 H c 
v'and sulphur dioxide produces benzene sulphinic acid. 

CfiHo + SO a L + AlCl a ] - C 0 II r> . SO a H 

Reactions similar to the above can also be carried out with an¬ 
hydrous ferric chloride, ^ml in some cases, as in the union of benzene 
with benzyl chloride, a minute quantity of zinc or copper in powder, 
or the aluminium-mercury couple, will effect condensation. 

. c 0 ii(i+cicii 2 . C C II, - c 0 tt 5 , CII,. C e ii;+ nci - ‘ 

Diphenyl methane. 

It should be pointed out that the aluminium chloride occasionally 
reversce the process of condensation, for Jacobson 1 has shown that if 
hexamethylbenzene, to whiclyismall quantity of aluminium chloride 
is added, is heated in a current of hydrogen chloride, methyl groups 
are successively dotached, with the formation of penta-, tetra-, &«*., 
luetliylbenzenes, and, finally, benzeno. Another interesting fact 
connected with the reaction is the transference of methyl groups 
from one hydrocarbon to another under the intluonce of this reagent. , 
Anschutz and Immeudorff 2 obtained from toluene both benzene anti 
M- and jj-xylcnc. * ' 

Various theories have been advanced to explain these curious 
changes. Friedel and Crafts assumed the format ion of an intermediate 
compound, Cjjllr,. Al.^Cl-, which unites with* the alkyl halide, 
regenerating aluminium chloride. • 

CJI-Al a Cl^ + CJI^l = C U II 0 . CJI 5 + ALCl fl ’ 

This would represent the chlorido as a true catalyst, in which 
a small quantity would be sufficient to bring about the union of an 
indefinite amount of the reacting materials. In practice, this is not 
usually the case, for it is found that tlio amount of product increases 
approximately wijth the quantity of reagent. As^teele 5 has pointed 
Out, this fact Joes not necessarily preclude the action of tlio 
aluminium chloride as a catalyst, provided it can be shown that it 
forms a stable compound with the product. The observations of 
Guslavson 4 and others seem to point in this direction. 

Gustavson B isolated a number of delluito compounds of aluminium 
chloride and hydrocarbon, and aluminium chloride, alkyl halido and 
hydrocarbon (possessing such formulae as A*l a Cl 0 . 6 C i: II, ; , and with 
ethyl chlorido Al a Cl 0 . C t lT.,(C 2 lI- i ) a . CC G II i; ), which appear to act as 
catalysts. 

1 lkr., 18S5, 18, <m 2 Jier\ 1885.18, 057. * Tfmts. Chem. Soc ., 1903,88, 1490. 

4 Coinpf. rend., 1,003, 130, 1005; 1905, 140,9-10; J. \V. Walkei* and Spencer, 
Trans. Chcm.,Soc„ 1901, 85, 110(5. * Her., 1878, 11, 2151. 
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More recently Mcusuhutkin, 1’feilTcr, ami nthew have succeeded fn preparing 
a variety of carbon compound* of metallic chlorides, which may, under uppio- 
•priate conditions, posihss a similar function. Slater found that in tlm chlorina¬ 
tion of benzeno in presouce of stannic and ferric chloride thu velocity is 
proportional to tlio concentration of the catalyst. CiPdscliniidt and Larsen 
nave arrived at a similar result. From a study of the condensation of aiusole 
with benzyl chloride they find the reaction to lie unimob oular, and that the 
aluminium chloride acts as a catalyst increasing the velocity in proportion to 
its concentration, Steele concludes from similar observations 4 1hat the action 
of aluminium and ferric chlorides in inducing the Friedel-Oiafts reaction ditiers 
from many cases of true eatai^is only in',the a-cidenl that these reagents 
combine with certain substauecs jirodueed during the reaction, and are tlms 
removed from the system There are t iius t wo processes at work—an activat ing 

process produced by^fie co-ordinal ion of thu catalyst with the original compound 
and a retarding action caused by J lie withdrawal of the catalyst, in combination 
with the product. Both processes scorn to follow from the researches of Olivier 
and Bosckcu on llio interaction of p-hi'oinuhenzoiie'ui'phonyl chloride and 
benzene in that the aluminium chloride ap(H>ars to Tw reactive only to the 
extent to which it is combined with the acid chloride, and part «f li.n < atalyst 
is removed in union with tin* product of the reaction. In spito of this*faet the 
spued of the reaction is increased by an excess of free aluminium chloride, and 
cdlinot therefore bo ascribed entirely to tuo co-nrdin.iled compound of the 
catalyst, 
o 

Ullmaiin’s Method. Finely divided copper, although occasionally 
used in former years in place of silvor, lias recently been introduced 
!>y Ullmann and Received extensive and important applications as 
a condensing agent. 1 The metal can be prepared by adding zinc 
dust to a solution of coppor sulphate and carefully washing and 
drying the precipitate, but th® commercial copper-bronze or finely 
divided metal, prepared mechanically, is better. The method is gener¬ 
ally employed for removing halogens from the benzene nucleus. I'jr 
example, iodebenzeno is converted almost quantitatively at 2->0 into 
diphenyl; kromotoluene in tho sar’i'o way gives ditolyl. Jlroino¬ 
benzene and chloracelic ostor when liealod with finely divided copper 
to 180-200° are converted into phenylacetic ester. Tlio reaction, in 
certain cases at least, is catalytic. Ortho-elilorobenzoie acid reacts 
with glyeocoll to form phunylglycine-o-cavboxylic acid; but the 
process is greatly accelerated by the addition of a minute quantity 
of copper powder. Similarly', a phenyl radical c*n be introduced 
into the amino group of amino acids and amides. By heating the 
potassium salt of antliranilic acid with hromobenzeue and a little 
copper, phenylaminobenzoic acid is formed. 

/NII a /NIIC.II, 

C 0 II 4 < • + BrC,H i = C 0 II 4 < + KBr 

* 'COOK XJU01I • 

Potassium anthritnilute. Phenylamiuobeu/.oiu acid. 

1 Her., 1901, 34, 2171, 3802; 1903, 30, 2383; 1904, 87, 853; 1905, 33, 729, 
2120; 1'J00 l 39, 1091, 2211, Annulen, 1901, 332, 38; 1900,,350, 83. 
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Phenyl iodide will also* react with sodium phenatc when a trace 
of copper is present, although in its absonce net- one per cent, of, 
diphonyl ether is produced. 

C 0 H,ONa +• IC e H* = 0011,00611, + Nal 

The above examples have been selected to illustrate the varied 
application of the method, which has proved to possess considerable 
technical importance, t f 


Removal of Carbon Dioxide. The well-known Method of forming 
ketones by the distillation of calcium salts of organic acids has beon 
utilised by J. Wisli^enus 1 for tho preparation of cyclic ketones by 
employing the calcium salts of dibasic acids. For this purpose, 
adipic,**pime1hc, suberic,® azelaic and sebacic acids 4 have been used, 
giving cyclic ketones containing 5, 6, 7, 8 and 9 carbon atoms. 


C1I 2 . CIL,. COO v 

I “ 

ClI 2 .CH 2 .COO/ 


CII 2 .CIT 2 

I * 

CH 2 .CII 2 


\ 

/ 


CO + CaC0 3 


From these compounds tho corresponding cyclopara dins may bo 
obtained by reduction to the alcohol, conversion into the iodide, an<Ji 
reduction of the iodide with zinc and acetic acid. 


CH,. CII, N 
| \cHOII 

cii 2 . cu./ 

'' Cyclopeutiinol. 


CII a -CII^ 
CH..—CII./^ 


CII 2 - CII 2 V 

CIII -> | ;CII, 

cit 2 -ch./ 

Cy»l<'j)ontiyie. 


The above method of distilling tho calcium salts may be modified 
in cortain cases with advantage by converting the dibasic acid into 
the anhydride and heating the latter. 5 The process of electrolysis 
may also eflect condensation by removal of carbon dioxide and 
hydrogen. By way of illustration the following example may bo 
taken, in w'hicli sodium ethyl succinate is converted into adipic ester. 

C1T„ .COO'J.Jl, CII 2 .ClI.,.COOCUI-, 

2 | =| “ + II 2 4 2CC., 

CII 2 . COONatll) CII 2 . CII 2 . COOCJT, 


The application of the method in this way to the synthesis of tho 
higher dibasic acids was first* used by Crum-Brown and Walker,® 


1 Annalm* 1893, 275, 309. 

* Muulcmurtmi, (hi;-. (Inin. ital ., 1890, 20, 275. 

Hliuio, Compt. rend., 1907. 144, 1350. 

* Dcrlon, Ber., 1898, 31,1902. 

8 Ilium', Unm/ii. Hint, 1907, 144, 1350. 

* Annaltn, 1890, i.01, 107 ; Truns. Gfc-wi. hue., 1890, CO, l?7 f 8. 



201 


* REMOVAL OF CARBON DIOXIDE 

and has since been studied by v. Miller,**and v. Miller And llofer, 
•who electrolysed mixtures of organic and inorganic salts. 

The following examples may serve to illustrate the reactions: 

I* 

CII a . CII 2 : COOK - OII a CH 2 I + CO, + 2K 
I ! K 

CII 3 . CII 2 ! COONa = CII,. CII 2 N0 2 + C0 2 4 2Na 


N0 2 • Na 

• \ 

CII, : COO.K 

CII 3 

CIlJcOOK 

1 

- ’ CII 2 +2CO, + 2K 

1 

1 • 

CII*. C00C,1I, 

oir,. cooc., 11 , 

- ■* • 


« m 

llofer 2 aftorwards electrolysed kotonic acids (pyruvic and lovulinic) 
and obtained diketones. * 

CII.. CO.COO; K CII,. CO 

= ' j* 4 200 2 + 2K 

CII..CO.COO K CII3.CO 

, Walker 3 found that by electrolysing sodium diethyl malonate two 
fholccules link up *to form the anhydride of tetraethylsuecinie acid, 
* and Wohl and Schweitzer, 4 who submitted the sodium salt of acetal 
malonic aldehyde to the current, pbtaincd the acetal of adipic aldehyde. 

.011(00,11 ,) 2 CII,. CII(0C 2 II,), 

2011 < * | ' “h 200,+ 2K 

• ‘ x COOK 011 2 . CII(0C 2 II. ) 2 


Group 2. Condensation by Addition. 


Additive Reactions. Benzene under certain conditions forms 
additive compounds with unsalurated hydrocarbons, as in the union 
of slyrene with benzene, which combine, giving diphenylothano, 


. 0 , 11,011 


on, + C U H,--(c„n,) 2 cii. c:i 3 


or in that of benzene >yth cinnamic acid, which in presence of sul¬ 
phuric acid yield diphenylpropionic acid, 


0,11,011: Oil. COOII + 0,11, = (0,II 5 ) 2 CII. Oil,. COOII 

The production of cyclic structures have been observed in tho rase 
of acetylene, which when passed over finely divided iron give.* small 


1 Zrit.f. Elektrochemie, 1807, 4, 55; Her., 1800, k8, ~137. 
* Ber., 1900, 33, 050. 

9 Tranx. Chem qKoc. , 1905, 87, 951. 

* * * Ber., 190(5, 30, 890. 
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quantities bf benzene; 1 of bromoacetyleno, which exposed to light 
undergoes a similar change, yielding tribromobenzefie ; and of methyl* • 
and dimethyl-acetylene, which in presence of strong sulphuric acid 
condense, forming respectively Vnesityleno and liexamethylbenzene.t 
Dobner 2 has observed that vinylacrylic acid unites with itself, form¬ 
ing a ring compound of the formula 


CIL,, CII =1 CII. CII h COOII 

i i 

CIL. CII=01I . CII. COOH . 

• • 

A very interesting case of ring formation by addition is recorded 
by Perkin , 3 in whiyh dibromodiallyl-malonic ester on treatment 
with alcoholic potifcsh is converted into wi-loluic acid, a reaction 
which probaldy occurs in the following way : 


(CII._=CUr. CIT,),C< 


/ 


CO.*OR CII.,—C -CIL /II 

>C<f 


Nco. OR CII,sr C- CII/ x COOII 

Dibrumodiullyl-nialnnic ester. Intermediate product. 


Cll ;i . 0.CII 

-> IIC^ ^C.COOII . 

.cir~cii 

m-Toluic acid. 

j * 

Michael’s Reaction . 4 Michael has shown that the sodium com- 


pounds of acetoacetie ester and malonic ester are capable of forming 
additive compounds with unsaturated compounds of the* general 
formula: R. CII: CII X or R /C j C. X, in which R is a*positive or 
negative organic radical, and X a strongly negative radical such as 
carbonyl, cyanogen, &c. The sodium attaches itself to the carbon 
atom linked to the negative group and tlio negative radical to the 
positive carbon group. The first example studied by Micliaol was 
the condensation of sodium malonic ester (prepared by the action of 


metallic sodium dir dry sodium ethoxide on the ester dissolved in 
ether) on cinnamic aster. The union takes place in the tollowing way : 


C 0 11,C1I: CII. COOC a lI-, 
+ 

NaCII(COOC,II ,) 2 


CJI-.CH. ClINa. COOC,IL 

I 

CH(COOC,II-), 


i Mof-san nifd MnrSon, Cotnpf. rnul, 1S90. 122, 1240; seo also Compfruul., 
1000 , lSo. 1319, and Chun. Central !*., 1002.1,77. 

" tiler., 1002. 35, 2120. 

8 Trans. Chum. Soc., 1007, 01, 810, 840, 818. 

* Michael, J. prahi. Client., 3i, 351 ; 43. 305: 45. 55; 40, 20; Amvers. Per, 
I SOI. 24. 317, 2887 «■ 1893. 20, 3(51 ; 1805, 28, 2(53 ; ( Kiihuiuaiin and Cuniiiii s i.-n, 
Turns. Chan. Sue., 11*08, 73, 100(5. * • 
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Acids liberate the tribasic ester which, by hydrolysis, <hn be con- 
•verted into the dibfcsic /2-phenylglutaric .acid, 

C U II,. CH. CII*. COOCJI 5 , C i; II,. Cff. cir,. coon 

011(0000*11^ Oil,. COOII 

raconic, and ilaconic esters, 
idic* esters and benzylideno 
ougli there is a considerable 

diftereifce in the rate of formation. 1 

The sodium compound of cyanacotic ester resembles malonic est#r 2 * 
and has been utilized by Perkin :I for the synth* r.is of isocampboronic 
acid. Dimothylglutacunie osier, when digested with ,an alcoholic 
solution of sodium cyanacotic ester, yields: 

• 0,11,000 . 0(011.).. on. OIINa. 0000,11, 

* NC.OII.COOV.JT 5 


Fumaric, maleic, aconitic, croton ic, ril 
acetylene dicarboxyl ic and •phony lpri\»i 
acetone, &c., behave in the same %vay, th 


If the resulting ester is then hvdrolysod, isocampboronic acid is 
obtained, which consequently has the formula: 


(on ),o- cn-cn.,.00011 
'll 

IIOOO «I a . COOII 

Isocamphoronic acid. 


The eamo, Condensation process has also been applied to the 
synthesis bf cyclic compounds by Vorlander. 4 * Benzylideno acetone 
combines with sodium malonic ester, forming phenyldihydroresorcylic 
ester, 6 


0000,11 


2 A1 5 


/Oil. 0000,11-, 
CJI,.CII< * 

Aon,, co. on. 


Intermediate additive 
compound. 


0000 , 11 , 

I 

on co 

c u ii, . nc<^ ^cn*1 c.TT,on 
011700 * 

Phony ldiliyd rorosoreylic ester. 


In the same way mesityl oxido may bo converted into dimethyl* 
diketocyclohexane, • 


1 An we is, Her., 1805, 28, 1121 ; A 1800. 202, M7. 

* Muller, Cvmpt. rm>l., 1802,114, 1201; Noyes, /;«#., 1809, 32, 2289. 

s 1‘roc. Ckem. five., 1000, 214. 

4 Her., 1804, 27, 2053; Annultn ISOfi, 204, LT3. 

6 In botji these reactions the compound in tliu second stage undergoes the 

acetoacetlc eater condensation (see p. 220 
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(Cir^C:CTr.co.cli ;s 

IlCNa(COOC 2 II,) 2 


(C1I 3 ) 2 C—CIIjj—CO t 
C 2 II,,OOC. CII- CO-CII 2 


. (CII 3 ) a C—CII 2 —CO 

I I 

IU3--CO—CII 2 


and Knoevenagol has prepare* isoacetophorone in the same fashion, 
using sodium acetoacot/o ester in place of sodium malonic jister. 
Knoevonagol 1 also found that diothylamine could ,i;eplaco sodium or 
sodium ethoxide in effecting condensations of this character. 


Buchner-Cur tins'Reaction. This reaction yields in the first 
instancn pymzolo derivatives, which, by loss of nitrogen, may be 
converted into true condensation products. A simple illustration of 
the reaction is furnished by fhe union of an aldehyde with diaau* 
methane, forming a ketone by elimination of nitrogen,* 

t % 


R.CII:0-i CH a <^ 


N 

II 

N 




R.CII Os 

I >N 

CII .,—W 


R.CII 


\ 


! ;o + N.. 

CII/ 


• . Y J 

In termed iate products. 


R.CO 



•A more interesting application of tlio method is thc^preparation of 
those pyrazole compounds whi di yield cyclopropane derjvativcs by 
loss of nitrogen. 

It is well known that acetylene combines directly with diazo- 
melhane, giving pyrazole,® * 



CII, 

+ /'\ 


N-N 


C1I-CII V 
| >NII 

CII—N / • 


Acetylene dicarboxylic ester combines in a similar way With diazo* 
mothano, the resulting product being pyrawle dicarboxylic ester. 
Now, if in placo of acetylene or its dicarboxylic ester, esters of the 
olefine acids such as fumaric, maleic, and aconitic esters be substituted, 
pyrazole compounds are formed as before, but .readily loso nitrogen 
on heating, aijd the fing closes up and gives a cyclic compound. • 
Fumltrie ester and diazomethano react, giving cyclopropane dicarb- 
oxyllc ester, as follows: 


i 


lier., 1901, 37. tNil. 

s .v. lVcbmann, lier., 
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CII a CH.COOOjir, 

/\ + li 

N=N OK.COOC a II- f 


CIL-CH.COdCJI-, 

I - I * 

N C1I. COOC.,II 5 

V/ . 

N 


CII.,—CII. COOC..II, 

-> ■' + N., 

cii. cqpcji-, 

Tf,Jn place of diazomethane, dinzoafeelic fester is used, a cyclopro¬ 
pane trjcarboxylip ester is formed. 1 


Addition of Hydrogen Cyanide. The addition of hydrogen 
cyanido to aldehydes and ketones giving cyiyhydrins affords an 
extromely useful method for the preparation of hydroXy acids con¬ 
taining an additional carbon atom in the chain. The addition of this 
r&igent is»not restricted to the CO group; for it is found that in 
uinsaturated ketones and acids containing tho grouping C: C. CO 
hydrogen cyanide will attach itself by profcienco to tho double bond, 
thus forming ketonic cyanides and ketonic acids. 3 Benzalmalonic 
ester combines as follows : 

.COOC 2 II, /COOC^II- 

C c II,CII: C< + IICN » C (i IL,CII. CII< 

N300C a H, | NiOOCJI, 

' - CN 

> 

Organo-metallic Compounds. The extraordinary development 
which organic synthesis owes to tho use of organo metallic com¬ 
pounds has its origin in Frankland’s discovery of tho zinc alkyl 
compounds. The preparation of these compounds need not bo 
described. They arc extremely unstabln liquids which are charac¬ 
terised by their strong affinity for either free or combined oxygen 
and for the halogens, it is on these properties that tlieir manifold 
transformations depend. Paraffins may bo derived from them either 
by the direct action of water, 3 of alkyl iodides, or ‘ '■f dihalogen com¬ 
pounds. 4 The following reactions illustrate each of tho methods : 

Zn(CII 3 ) 2 + 2ILO = 2CII 4 + Zn(OII), 

Zn(CH 3 ) 2 + 2(CH 3 ) 3 CI = 2(CI1J,C + Znl 2 
Zn(CH 3 ).,+ CH 3 . CC1 2 . CII a = CtCIIj), + ZnCl 2 


1 finchner and Curtins, Ber., 1885, 18, 237. • 

1 Lnpworth, Trans. Chem. So c., 1903, 83, 995; 1901, 85, 1206, 1214 ; I90Q, 80, 
945 ; Brest and Kallon, Annalen, 189l‘ v 293, 338. 

* Frankland, Annalen, 1849, 71- 203 ; 1850, 7 ', 41. 

Friedtd aud Ludonburg, Annalen, 1867,142, 316; Liw<jw, Zeils., 1871, 257. 
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# * 

Zinc Alkyl Condensations (Frankland’s Method). The dis< 
eovery by Frankland and Duppa 1 of the formation of a hydroxy acid 
from zinc ethyl and oxalic ester prepared the # \vay for new and 
unlooked-for synthetic uses of (jjhe zinc alkyl compounds. If to one 
molecule of ester two molecules of zinc alkyl are added and the 
prodfict decomposed by water, diethylgly collie ester is obtained. 
The following equations represent the course of the reaction: 

* * * 0 , 11 , 

COOC 2 II, ! /OZnGJI, 

| +Zn(C 2 lI 5 ) a = C< 

COOC 2 H 5 . | x OC 2 II fi 

COOC 2 lI 5 


C 2 II,. 

,OZnC.JI, 


C..TI, 


1 /'-,«.nv/ 2 ii-, I /OZnCJT, 

C< + Zn(C.,IIf,)o = Cx 

| X OC.,II 5 
COOC./ll, 


l X CJI, 

COOC 2 II 5 

C,TI, 


OC 2 TI 5 

+ Zn/ 


*\ 


«.n a 


c a ii-, 

I /OZnC 2 II 5 .| 

C< + 2II 2 0 - (IIO)C. C.,11- + ZntOIIb + C.,II c 

I X CJT, | 

COOCJI-, COOCJI-, 

t Diuthylqlycollic osier. 


The same product was also prepared by heating* a mixture of oxalic 
ester, alkyl iodide, and zinc. 2 


COOC 2 H 5 


COOCJI-, (C.,11,),. CO . ZnC,11-, 

' 4 4Zn + 4C 2 IT ,I = “ ‘ " | ‘ + 2ZnI, 

COOCgllg ,OC 2 II, 

+ Zn< 

(C.,11 ,)„CO. ZnC,II- (C,TIr,),C(OII) X C.,TT- 

I 4 2 ir 2 o - '“| -j Zu(oii) 2 h oir (i 

COOC 2 II- COOGJI-, • 




This was followed by the researches of Wagner,* on the action of 
zinc alkyl on aldehydes, which led to the synthesis of secondary 
alcohols ; of Saytzoff/ who applied a similar reaction to the ketones 
and obtained tertiary alcohols ; of Butlerow,® who prepared alcohols 

from the acid chlorides ; of Freund/’ who obtained ketones from the 

* « • • • 

* 

1 Jnnalen, 1863, 120, 109. 

* Frniiklnnd and Duppa, Annalen , 1863, 120, 109 ; 1868, 135, 26. 

* Annalen, 1876, 181, 201. * , Annalen, 1877,185, 151. 

B Annalen, 1867,14»t, 1. * Annular,, 1801, 118, 3., 
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t 

f 

acid chlorides; of Wagner, SaytzelT, nn<j Kannonikoff^who con¬ 
certed* aliphatic esters into secondary and tertiary alcohols. Tlio 
following examples illustrate the dilferent typos of reactions referred 
# to. Aldehydes and zinc alkyls forn^ secondary hleohols. Acetaldo- 
hyde and zinc ethyl yield secondary butyl dlcohol. 


II 


) 


CIIjjCHO + Zn(© 2 II 5 ) 3 - Ctfl 3 . (;—OZnC,II- 

\ll 5 

II II 

CII 3 . C—OZnC.,II, + 211,0 - CII 3 . C^-OII ?*Zn(OII).. + C II fl 

\ \ : 

C 2 II, CJI, 

• ISocomlary butyl alrolinl. 

^ Formaldehyde gives primary alcohols by y, similar series of changes, 
whereas kotones yield tertiary alcohols. 

Formaldehyde and zinc ethyl yield primary propyl alcohol, whilst, 
^acetone and zinc ethyl give tertiary amyl alcohol. 

IICII0+ Zn(C,II-,) a - 1TCII. OZnCUI- 

I 

‘ - C./T, 

IIC1I. OZnC.,II s + 2H,0 IICIl(OII) + Zn(OlI), + CUI 6 

• I •* 


C,II, 


J’riiiiary propyl :ilcoIiol. 


CII, 


CII., C,II 5 

I " \/“ 

CO 4 Zn(C,TI,)., « C 

1 - ' /\ 

cn 3 cir.ozncjr, 

i 

CII, 0 , 11 -, 

- \/' 

+ 211,0 - C + Zn(0II) a + C,1I B 

/\ 

CII 3 OZnCoII, on., on 

* Teitisiry amyl alcohol. 


cn,cn 5 

\/ 

c 

/\ 


Ahid chlorides react with om* and two molecules of ziite alkyl. 
Acutyl chloride and zinc ethyl form inethylethyl ketone. “ 


1 Annulm, iblo, 175, 351 ; 1577, 185, 1-D, Jjl8,1«». 
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i / Cl . / C1 

% cn 8 • c< + f Zn(C 2 II 5 ) 2 . CHy. C< 

^0 | \»ZnCJI 5 

CA 


Ctf :i . r/ + 2II.,0 - CH a . c<£ n 

|N>ZnCfl. “ |VlI 

C,H ; - C„H, 


+ Zn(0II)Cl + C 2 II 8 


c 3 h 5 c 2 h 5 

McLhylctfcyl kitono. 

If the in torn led iate product is'allowed to react with a second 
molecule of zinc alkyl, a tertiary alcohol results. 8 


yVl /C a II 5 

CII.. C< ,-f Zn(CJI ,) 2 = CII,. C< + ZnCl(CoIIj) 

jV)5SuC 2 II 5 |\OZnC 2 II 5 




/C2II5 

CII,. c< I } 

I \0ZnC 2 II 5 -^2II 2 0 - CII ;i . 0(011) + Zn(0II ) 2 + C 2 II a 


CJI, 

C.JI, 


c 2 h 5 


Tertiary hexyl alcohol. 


Willi the esters a similar process occurs. Methyl formate and two • 
molecules of zinc ethyl yield a secondary butyl alcohol. The reaction 
occurs in two Bteps. 

.OCII 3 /OCH 3 

IIC< +Zn(C 2 II 4 ) 2 = IJC< 

X 0 . | \OZnC 2 ir 5 . 

• n n 


,OCH 


C 2 H 5 /OCII 3 


tic< + Zn(C,H 5 ) 2 - IIC< + Zn< 

I x 0ZnC.,II, “ I X OZnC„H s X C,II, 


C 2 1I 5 


C 2 II 3 


C 2 H 5 


IIC—o£nC 2 H 5 + 2H a O - lie. OH + Zn(OII) a + C* 2 II fl 

\ I 

C 2 II 5 C 2 II fl 

Dietliylcarbinol. 


Other fatty esters like acetic ester will naturally yield tertiary 

alcohol* by tlys process. ■ 

• 

Magnesium Alkyl Condensations (Grignard's Reaction). The 

use of magnesium in place of zinc lor introducing radicals into 
organic compounds in the manner employed by Frankland qjnd Duppa 
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was first suggested in 1899 by Barbier* 1 who convert'd metliyl- 
heptenone into a tjprtiary alcohol by the action of methyl iodide in 
presence of magnesium. In the following ye^r the study of the 
^preparation and synthetic uses of magnesium alkyl compounds was 
taken up by Grignard, who published an account of his results in the 
Comptes rendus .* Since then the reaction lias been applied by himself 
and his collaborators, as well as by > host of othor workers, in so 
many directions that it will be impossible to do more than indicate 
the nature of the main applications of this interesting and useful 
synthetic process. For a more complete account the references given 
in the footnote may be consulted.* 

Although the behaviour of the magnesium irtkyl compounds will 
be seen to resemble in many respects that of the zinc*alkyls, their 
greater reactivity, owing no doubt to the more electropositivo 
character of the metal, as well as tin? convenience of their prepara¬ 
tion, offer great advantages over the use of the zinc compounds. 
Moreover, aromatic halogen compounds, such as bromo- and iodo- 
bonzene and toluene, may bo used in addition to the alkyl halides. 

Tho method of preparation consists in adding to ono atomic pro¬ 
portion of clean •metallic magnesium wire, ribbon, or filings, 
t suspended in perfectly dry ether, a molecular equivalent of the alkyl 
iodide or bromide (or phenyl or tolyl bromide), also dissolved in etlieJ 
Tho magnesium dissolves with*evolution of heat, and a solution is 
usually obtained which contains tho magnesium alkyl or ar^l 
bromidq or iodide. If methyl iodide is used, and, after the action 
is complete, tho excess of ether is evvporated and the product heated 
tp 100-120° in a vacuum to remove the last traces of solvent, tho 
composition of the residue is found to correspond to a substance of 
the formulae: 

MgCII 3 I. (C 2 II 5 ),0 

The ether was regarded by Grignard as ether of crystallization, 
but Baeyer and Villiger regarded it as part of a compound containing 
quadrivalent oxygen (I). Grignard afterwards adopted the view, but 
distributed the magnesyim alkyl halide differently (II) 


C 2 II, X /MgCH 3 

C 2 h/ \i 

I.. 


C 2 H 5Xo/ M g I 

c 2 h/ x cii. 

/!■ . 


Thfire aro roasons for supposing that tho ether plays an essential 


1 Compt, r end., 1899, 128, 110. * Cor'pt. rtnrf., 1900,130, 1322. 

8 .T. Schmidt, Ahrens’ Vortriige , 1905, 10, 68; A. McKenzie, Brit. Ass. ltvporls 
1907, p. 273-, Amer. Chem. JiMrn., 1905, 33, 318. • 

FT. I 1* 
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part in thd>t synthetic process to which the magnesium compound is 
applied, but discussion of the mechanism of tho reaction is reserved 
until some of its more important applications have been considered. 

Hydrocarbons. The magnesium alkyl or aryl iodide is decomposed 
by water or alcohol, or indeed by any compound which contains 
a hydroxyl group, giving a hydrocarbon. 

KMgl + II 2 0 *= R. H + Mgl(OH) 

RMgl + CUI .OII = ,R. H + MgI(0C 2 II,) 


The method has been appliod to the estimation of hydroxyl groups 
in organic compounds. 1 Ammonia and primary amines react in the 
same way by giving up hydrogen to the radical and entering into 
union jvith the magnesium halide. 

RMgl + RW, = K. II + I-PNIIMgl 


A methyl group may be introduced into an aromatic hydrocarbon 
by employing the aryl magnesium bromide in conjunction with 
methyl sulphate (Werner and Zilkens). 

OIL,. C a n 4 MgBr + (CH 3 ) a S0 4 = CcH^CII^ + CII ;1 . SO.MgBr 


Alcohols may bo obtained .from aldehydes, ketones, acid chlorides, 
tstore, &e., by methods which offer a close analogy to the zinc alkyl 
reactions. 

H 


K.CIIO + R'MgBr 


/ 

RC -OMgBr h 11,0 


£. CII(OII) • R 1 


Aldeliydo. 


Secondary alcohol. 


Primary alcohols can bo obtained from formaldehyde, or moro 
conveniently from its polymeric form, trioxymethylene. They have 
also been prepared from ethylene oxide and ethylene chlorhydrin 
l Blaise). In the iirst case tho action takes place by cleavage of the 
ring: » 

CHa /R 

I >0 + Mg< = R. CII 2 . CII 2 OMgBr R. CIIXILOII 
CII/ \Br 

In tho second case it occurs in two phases, the hydroxyl group being 
first attacked and then the halogen, on addition of a second molecule 
of reagent. 


1 Ilibhcrt and Sudborough, i'rans. Chum. tSor., 1001,85, 933 ; Zcrow^inoff, Her., 
1907, 40, 2023. 
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RMgBr + CII 2 C1. CII. 2 OH - EH + CII a Cl. CILOflgBr 
' E l MgBr 4*CH 2 C1. CII 2 OMgBr - R l CIT a . CII a . OMgBr 
Tertiary alcohols are readily pvyparcd froiil ketones, esters, and 


acid chlorides. 


>CO + R l MgBr 
W 


/R 

R.Cf OMgBr 


/ 


R 


\ 


\K 


R. C< (Oil) 
Mi 1 


The process may he applied to cyclic ketones, ketonie acids, di- 
ketones, and qninones. In the hist two cases the reaction may bo 
rcgulatod so that either one? or both ketone groups aro involved.* It 
is an interesting fact that a tautomeric ketoni,? ester, such as aeoto- 
acetic ester, reacts in the cnol form, that isf, fenny an additive 
compound with the reagent, which is decomposed by watei'and the 
£ster regenerated. If alkyl groups«are introduced, the ester then 
behaves as a ketone. This reaction has been applied to the formation 
of cyclic compounds by Zelinsky and •Moser 1 in tho following 
ingenious way, from 10 -acetobuLyl iodide. 


OIL.CO I 


II., c/ 
H.C 1 — 


—cii. 


C1I :1 .C3 Mgl 


H./), 




Clio 


11,0-.—(JIT., 


C1I :1 C. OMgl 

Y- I[ i 

J cn a 


1I.,C|^\(M[ 3 

II.aJ 


<111,. C(OTI) 

ii,c/'\ | cir 3 

-Clio 


l a' 

1I,C L 


Eslers react as follows: 

,0 




OMcrBr 


E.c/ + IV MgBr - R. C(-00,II, 
x OC.,II a Mi 1 - 

/OMgBr /OMgBr 

R. C( 0C a II 5 + li-MgBr - Ii.C Ii a h MgBr. OC.II, 
\R* \IV 

- /OMgBr /R a 

R. C(-K a ‘ . + II a O = R. C( (Oil) i MgBr. Oil 
Mi* Mil 


In tho case of dibasic esters, both ester groups will react, forming 
glycols. If formic #sler is used, a secondary alcohol results. 

i^cid chlorides reilct, as in tho case of the zinfi alkyFcompfyinds, in 
two phases, giving ketones in tho first and tertiary alcohols ip tho 
second. Carbonyl chloride behaves in a similar fashion: 


1 Ber., 1902, 35, 2681. 
p 2 
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C&C1 2 + 3RMgBr *= CR 8 OMgBr + MgCl 2 +MgBr 2 

CR a OMgBr + H 2 0 - R 3 C(OH) + Mg(0£)Br 


Anhydrides and laciones also give tertiary alcohols. 

It frequently happens that, in the reactions with aldehydes and 
ketones, an unsaturated hydrocarbon appears in place of the alcohol. 
This must be ascribed to a secondary process (whereby water is 
eliminated), which it is often possible to promote or prevent by 
modifying the conditions. Acetophenone, for example, may be 
made to yield the unsaturated hydrocarbon in place of the alcohol by 
raising the temperature at the end of the process. 


C fi H 5 v 

>C:CII 2 

on./ 


a-Mothylstyrono. 

Aldehydes. Quito a number of methods have boon elaborated foi 
producing aldehydes, of which the following |ire the most important-.. 
By the use of dimethylformamido the following changes occur 
(Bouveault): 

HCO. NRR 1 i R 2 MgI ITdR 2 (OMgI)NRR l + II 2 0 

iraio + NliKli 1 + Mg(OII)I 

Under ordinary conditions the oflfect of the Grignard reagent on 
formic ester is to give a secopdajy alcohol, but Gattermann found that 
by using three molecules of ester and keeping the temperature low, 
thfc aldehyde is formed (Gattermann). 

IICO. OC 2 II, 4 RMgBr = RCIIO + MgBrOC 2 ti, 


Ortlioforqiic ester may also be used (Boudroux). 

CII(OC,U,) :t + RMgBr = RCII(OC 2 Hr,), + MgBrOC 2 TT 5 
RCII(OC 2 II,) 2 + H..0 = ECHO + 2C,II,OII 
Gattermann introduced ethoxymethyleno aniline in place of ethyl 
formate, the reaction taking place as follows: 

• C 6 H fj N: CII ..OC 2 il, + RMgBr = C 0 II,N : CHR f C 2 II 5 OMgBi> 
C 6 H,N :oilR+ II 2 0 = R. CHO 4 O 0 lI 5 Nir a 


Another method which also yields aldoliydes is that of Sachs and 
Louvy in which isocyauides are used. 

,R l 


RN: C + R l MgBr = RN:C 
,R l 


/ J 

\ 


MgBr 


RN: C< + II 2 0 = RN: CIIR 1 + MgBr(OH) 
x MgBr 

RN :CIIR* + II 2 0 = RNIIjj + CilO. R l 
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Ketones can be prepared from eyanogefl, cyanides, and amides. 

.NA 1 

(CN) 2 + KMgl =» NC . C( . 

? NMgI 

'R 
f NMgI 


^NMgl 
°\ 

<* \R 
^NMgl 


/’“S 1 ^ _ 

NC.Cf + RMgl - RC< + Mg(CN)I 

\r \r 


R. c/ i 2II.,0 R. CO. R + Mgl(OII) 4 NH 3 


In the same way, 


.NMgiV 


RCN + R l MgBr -* RC< *+2II 2 Q 

Mi 1 


= R. CO. R l + MgOII)Br + NII ;J 

’ Ketonit esters may be obtained by the same process from cyanogen 
wters. Cyanacetic ester, for oxample, with magnesium methyl iodide 
fields acotoacetic oster (Blaise). 

The action upon amides is represented as follows: 

« /OMgl 

R. CONII* + 2MgR 1 I - R. C" NlIMgl + R l II 

° Mi 1 


R. C(OMgI)(NIIMgI)R l + 2II_0 - E. C(OII)(NU,)R l 
+ Mgl a + Mg*(OII) a 

The last product loses ammonia and gives the ketone. 

Acids and Esters. Acids am obtained by passing carbon dioxide 
into the ethereal solution of the magnesium alkyl compound and 
decomposing the product with water or sulphuric acid, or, if the 
sodium salt is required, with sodium hydroxide solution (Grignard). 

/OMgBr n„o 

RMgBr + CO* -> R.C< —*< R 

* X) 

If the intermediate compound is further acted upon by two mole* 
cules of magnesium alkyl halide, and tho product decomposed with 
water, a tertiary alcohol is formed. 


Oil 


.0 


/ 

N> 


+ MgBr(OII) 


R. CO. OMgBr + 2R 1 MgBr = CRR'R 1 . OMgBr + (MgBr) a O 

IfjO 

• CRR'RHIII + MgBr(OH^ • . 

By using chloroformic ester with the Grignard reagent, esters are 
obtained (Houben). 


R. MgBr + Cl ,COOCjjH 5 = R. COOC*!!,^ MgCIBr 
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The reaction may proceed to a second phase, yielding a tertiary 
alcohol, as already explained (p. 211 ). , 

Carbonic esters may also be used in the preparation of esters 
(Tschitscliibabin). , 

“ RMgBr + CO(OC 2 H ,) 2 = RC(OMgBr)(OC 2 II ,) 2 
RC(OMgBr)(OC 2 II 5 ) 2 + II 2 0 = R. COOC 2 H 5 + C 2 H 5 OH + MgBr(OH) 

Ortho-carbonic estor reacts in a similar manner. 

RMgBr + C(OC 2 II,U = R. C(OC 2 H r ,) 3 + MgBr<OC,H,) , 
RMgBr+R. C(OC 2 Il,) ;! = R a C(OC 2 II 6 ) 2 4 MgBi(OC 2 II,) 

In this case an acetal is formed. 

Sulphur Acids. Sulphur dioxide reacts like carbon dioxide and 
forms sulpliinic acids (Rosenheim and Singer). 

II,o 

RMgBr+S0 2 R. S0 2 MgBr 11 . S0 2 H + MgBr(OH) 

Tho same product is obtained from sulphuryl chloride (Oddo). 
RMgBr + S0 2 C1 2 - li* SO.Cl + MgCIBr 
R. S0 2 C1 + RMgBr - R. S0 2 MgBr 4 RC1 
R. S0 2 MgBr + H t 0 = R. S0 2 1I + MgBr(OII) 

Carbithionic acids are formed by llio action of carbon bisulphide on 
the reagent in the same way as tho carboxylic acids by the use of 
carbon dioxide (liouben). 

Amides of the aromatic sories may be obtained from aiyl carb- 
imides (Blaise). 

< OMgI ii a o 

C^NIICOR 

R 

+ Mgl(OII) 

Similar products "re obtained by forming the magnesium compound 
of a primary aromatic amine, RNHMgl, and acting upon it with tho 
ester of a monobasic acid (Bodroux). 

2RNHMgI + R l COOR a = MgI(OR 12 ) + R 1 . C(NHR) 2 OMgI 
R l . C(NHR) 2 . OMgl + 1IC1 = RN1I 2 + R l CONHR + MgICl 

If, in place of a monobasic ester, ethyl carbonate is substituted, a 
urothr no is formed (Bodroux). 

2RNlIMgI + CO(OC 2 II ,) 2 = (RNII) 2 C(OC 2 H 5 ). OMgl + Mgl. OC 2 II 6 
(RNH) a C(OC a H 6 ). OMgl + 1I 2 0 


RNII. COOC 2 II 5 + RNIL-f Mgl(OH) 
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Thioanilides are obtained by substituting mustard oilsffor the car- 
bi’mides in the above reaction (Sachs and Loovy). 

llydroxylamine derivatives. Both nitric oxide and nitrogen peroxide 
react with the Grignard reagent, the former giving nitroso hydro* 
xylamines and the latter dialkyl hydroxyiamines (Wieland). 


ON 


■< 


OMgBr 
R • 


.OH 

ON.N<: 

. Mi 


The mechani^pi of the second'reaction has not been explained, but 
is no doubt due to partial reduction of the peroxide by the reagent. 
Hydroxylamine derivatives may also bo obtained from amyl nitrite as 
follows: *, 

ON. OC.-1I [ i + 2MglR = NRli. OMgl + C,II u OMgI - 
NRR. OMgl + II 3 0 - N{R) a OII + MgT(Oll) 


. T)iazoamino-compounds % Aliphatic as w<jll as aromatic diazoamino- 
compounds can be preparod from alkyl and aryl azides. 1 




MgBr 


RN 


</|| + R 1 MgBr ft =RN. N : NR t 


RNII. N: N. li x + MgBr(OII) 

O 


. Additive Compounds. Kohler 1 has made a careful study of the 
action of the Grignard reagent on tho unsaturated aldehydes and 
ketones containing tho group C : C. CR : 0. Sevoral reactions lire 
possible. Addition may occur at the double bond or with tho kplono 
or aldeliytfo group, or again, following Thiele’s rule (p. 133), in tho 1. -1 
position. All those effects have been observed and are found to 
depend upon the nature of the attached radicals and may be summa¬ 
rized as follows: 

1. In aldehydes and ketones in which R is hydrogen or an alkyl 
group, a normal # reaction with the CO group t*'kes place, with the 
formation of a tertiary alcohol. 

2. If the attached radical is aromatic, addition occurs in position 
1.4, and a ketone is formed, as in the caso of cinnamylplienyl 
ketone. 

C c H s CII: CII. C0 # . C 0 II, + C 0 H 5 MgBr 
- = C u i a ClI(C c U;). CII: C(OMgBi}C u II 5 * 

-* 0,11,011(0,11,). OIL,. CO. C,Ha 


1 Dimrofh, Her. 1906, 30, 890o. 

* Atner. C*em. Joum., 1905, 33, 103, 333 ; €4, 132, 
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li. If ihva attached radical is an alkyl-oxy group, that is, if the 
compound is an unsaturated ester, addition either takes place-as in 
(2) or the alkyl-oxy group is replaced by the radical of tho reagent. 
The former occurs with an aryl magnesium halide, and the latter ^ 
with an alkyl compound. ‘ 

For example, phenylcinnamic ester reacts as follows with phenyl 
magnesium bromide: 

C c H s CII: C(C U II,). COOC 2 H- + MgBrCjl, 

C c II 5 CII. C(C 0 H 6 ): CQ. OR 

* I I 

C 6 II 5 MgBr 

t 

C 0 IIr,CII(C b II 3 ). C(C 0 II ri ): COR(OMgBr) + IIC1 

= (C c H 5 ),CII. CH(C c II 0 ). COOR + MgBrCl 

« . 

Additive compounds are also formed with unsaturated nitrogen 
compounds such as benzylidone aniline, ' 


C 6 II 5 N: CH. C c II 5 + MgCII 3 I = C fl H 5 N(MgI). CH(CII 3 ). C 6 II 5 


which yields the secondary amine on decomposition with water 
(Busch). Oximes behave similarly, the radical attaching itself to the 
unsaturatid carbon and the magnesium halide to the nitrogen. 
Triazo compounds also react by cleavage of the nitrogen ring, followed 
bv the formation of diazoamino-compounds (Dimfoth). 



N 

II + R^gi = RN(MgI)N: NR 1 
N 



RN(MgI)N: NR 1 + II 2 0 - RNH. N : NR 1 + Mgl(OlI) 

The reaction may be applied indifferently to the preparation of both 
aliphatic and aromatic compounds. 

- This does no£ exhaust the many changes which may be rung on the 
reaction, but the abfeve examples will serve to illustrate the general 
character of tho process. It will be seen that, apart from the simplicity 
and convenience of the method, the magnesium compounds are much 
more reactive than tho zinc alkyls, and their combination may be 
effected with nitrogen much in the same way aS with oxygen, thereby 
increasing the range of their application. It should be observe. 1 that 
the .metal always attaches itself to the more electronegative element 
(0 and N), either by adding itself to the latter if unsaturated, or by 
replacing the hydrogen when combined as hydroxyl or amino groups. 
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It has been suggested by Tscbelinzeff 1 that the ether which appears 
to form a compound with the magnesium alkyl halide acts catalyti- 
cally at low temperatures, for although interaction between the magne¬ 
sium and alkyl halide takes place in benzene or xyfene, it is necessary 
to boil the liquid, whereas the presence of a little ethyl or amyl ether 
or anisole (methylphenyl ether) causes combination at the ordinary 
temperature. lie considers the effect of the ether is to dissociate the 
alkyl halide by forming tho oxnnium compound, thus assisting union 
with the metal: 


CsH.iv 

C,„,Xx 


CJI 5 \ yMgU 1 
C,II/ >X 


Tertiary aminos such as dimethylaniline may replace ether as the 
catalyst, ami their reaction is explained in a similar way by the 
disruption of the alkyl halide R X X from ffho quimpio valent compound. 

• ' , /R 1 

(R)aN< 

\X 


, A further examination of the ether compounds of the alkyl magno- 
Stum halide has shdwn that the latter unites with two molecules of 
ether, corresponding thus to Zelinsky's compound with magnesium 
iodide Mgl 2 .2(C a II-,) a O. Tho 4 evidence for this was given by 
Tschdinzeff, who showed that on adding ether to a benzene solution 
of magnesium alkyl*iodide, equal quantities of heat are evolved for 
each of the iirs&'two molecular proportions of ether added. 


■Reformatsky’s Reaction. A reaction which may be regarded as 
a modification of Frankland’s and Griguard s was first suggested by 
Fittig and Daimler.* The} attempted to combine chlorucctic ester 
with oxalic ester in presence of zinc, in tho expectation of obtaining 
a product similar to that of Franklaml, in which tho acetic ester group 
would play the pari, of an alkyl radical. The reaction, however, gave 
instead ketipic (keto-adipic) estor. 

•co.ch 2 .cooc 2 ii 5 

CO. CH 2 . COOC 2 II 5 

Kotipic ester. 

1 \ 
Reformatsky 8 was‘afterwards more successful, and obtained a 

fS-hydroxy-isovaleric ester from acetone, iodoacetic ester and zinc. 


1 Ber., 1904, 37, 2081; ace also w Ilraun, Bet., 1919, 52, 1725. 

* Ber., 18,87, 20, 202. • * Ber., 1887, 20, 1210; 189t», 28, 2103, 2838. 
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< CII. $ , CII, OZnI 

\ \/ • • 

CO + CII 2 I. COOR + Zn —*■ C * + H a O 

/ • /\ 

CII 3 . CH a CH,. COOR 

ch 3 

^ C(OH). CII 2 . COOR + ZuI(OH) 

ch{ 

Lnpworth has shown that the oster group behaves in the* manner 
of a ketone group, and has succeeded ih condensing oxalic ester with 
bromacetic ester, fyid also two molecules of bromacetic ester with 
zinc or magnesium, with the object of throwing light on the aceto- 
acetic* ester synthesis, to be presently discussed. 

C 2 II 5 OOC. COOC 2 II g + Br(?H 2 . COOC a II 5 + Zn 

/OZnB,r 

- CJl 6 OOC. G\ CII,. COOR 
X OC a H s 


i; a o 


C 2 II 5 OOC. cp . CII a . COOC 2 II a • 

Oxaloacetic ester. 


BrCH 2 . COOC 0 IT 5 + BrCH a . COOC a H s + Zn 
✓OZnBr ' 5l/> 

= BrCH 2 .C; CII.,.COOC a lI, -» BrCII a . CO. CII 2 . COOC 2 II 5 
X OC 2 II 5 . 

■. Bromaceloacetic ester. 

» 1 

The reaction has since boon usod for the synthesis of citric acid by 
Lawrence , 1 dZ-camphoronic acid by Porkin * and by others for similar 
condensations (see Part III, p. 235). 

In the first case, union is offected between bromacetic ester and 
oxuloacotic ester, and proceeds as follows: 

CIIjjBr CO". C00C a II 5 
’I -t* | +Zn 

cooc a ii 6 cur. cooc a ii 5 

C 2 H 5 OOC. CII 2 . C(OZuBr). COOC 2 H 5 

- I +11*0 

CII 2 . COOC 2 II 5 

- C 2 II 5 QOC. CII 2 . C(OH). COOC 2 lt 5 + Zn(OII)Br 
v CII 2 .COOC a II 6 

Citric ester. 


1 lYans. Chem. Sic., 1897, 71, 457. 


* TruM. Chem. Soc. t 189 j[, 71,1173. 
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In the second synthesis, a-bromoisobutysic ester and ac^toacetic 
ester ordbromacetic <^ter and dimothylacetoacetic ester in presence of 
zinc wore first combined, giving hydroxy trimethy Igfl ut aric ester. 

(CII : ,) 3 . C—C(OII)—CII a * 


C a H 3 OOC CII, 


I 

COOCJI, 


The compound was then acted on with phosphorus pentacliloride 
and coifverted into chlorotrimethjdglutaric ester. On boiling with 
alcoholic *potassiun\ cyanide, cyanotrimothylgluturic ester is formed, 
and, finally, on hydrolysing with hydrochloric acid, dZ-cainpliorenis 
acid. 


(ClI 3 ) a C-CCl--CIIo 

II I 

0*11,000, cii., cooc.ii, 

Clilorotrimclhylglutariu cstor. 


(OII 3 ).,C C(CN).C{I 2 

“II I 

C a U,OOC CII;, COOC a II s 

Cyuiudrimulhylgluturic (taler. 


(CII 3 ) a C— C(CH ;t ) - CII a 

-> I I I 

IIOOC COOlf COOII 

dZ-Cainplioionie acid. 

• 

Magnesium has been used in place of zinc in the above reaction. 1 

Wallacli 4 has utilised the roaction for introducing unsaturated side- 
chains into cyclic Ketones. Subinaketone can be converted into 
sabinene ki tlie.following way : 

Oil CII 2 . COOC JIr, 

\/ 
c 

IIC 1 ( /X | CII a 

d CII,Br. COOCJI, - 
+ Zn 
+ II a O 


CO 



/\ 

CII 3 CII 3 

Sabinakctono. 



CII, CII 3 


The flatter, when heated with acetic anhydride, loses carbon 
dioxide and alcohol and gives : 


» Zolinnky and «Mtt, Her., 1002/35, 2140. 
* Annulet », '90S, 300, 20; 1909, 365, 255. 
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CII* 


CH 

/\ 

CII 3 CII 3 

* Sabincne. 

r 

An example ol ring formation is recorded by Reformatsky, 1 who 
obtained trimesic ester by condonsing formic ester with chloracetic 

ester and zinc. * 

" . * 

SC^UjOCIHOZnClJCHj,. COOC,H 5 = 3C. 2 H,OH + 3Zn(OH)Cl 

lie_ c.coocji, 

+ 0*11,000. ^CH 

iic = c, cooc 2 ij 5 

The Acetoacetic Ester Condensation ( Union of —00002^, St¬ 
ella . 0000*11-,). The disco /ery o ( f acetoacetic ester carries us back to 
the year 1803, when Geuther, 2 who held the view that acetic acid 
contains two hydrogen atoms replaceable by metals, sought to replace 
the second hydrogen atom in ethyl acetate (sinc6 it could not bo 
effected with sodium acetate)*by means of metallic sodium. 

lie observed the evolution of hydrogen, 2 tho formation of sodium 
ethoxide, and the production of a crystalline sodium compound of the 
formula C (i II.jNa0 3 . From tho sodium compound, by the addition of 
an acid, a liquid was isolated which, though neutral to litmus, formed 
salts with metallic bases. He found, moreover, that the sodium of 
tho sodium compound reacts with alkyl iodides and forms a series of 
alkyl ethers. Thpse facts led Geuther to name the fiew compound 
ethijldiucetic acid, and to represent it by the*formula : 

CII 3 . C(OH): CH. COOC*H a 

1 J. rwts. pfiys. chan. Oat., 1808, 30, 280. 3 Jahrcsb ., 1863, 323. 

s It was subsequently found that when ethyl aoetato is pure, little, if any, 
hydr gon is evolved, but according to Oppenhaim and Proclit ( Ber ., 18’K’, 0, 320) 
it is usod in conjunction with sodium to convert some of tho acetic ester into 
sodium etlioxido. 

CH S CO Na + H, CH S . CU a . ONa 

I + , + 

"CH # . Cll a . O Na CIl a *: CII*. ONa 
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The formation of the sodium salt was represented by the equation : 

% 2C 2 II 3 0. C 2 H 5 0 + Na 2 = II 2 + C 2 H-ONa + CJI.jNaO;, 

Whilst this research was in progress iFranklaiid and Duppa were 
studying the action of alkyl iodides on oxalic ester in presence of zinc. 
In extending their investigations to ethyl acetate, the zinc was 
replaced by the more energetic metal, sodium, and, during the solu¬ 
tion of the metal in the ester, the ovolutioy of hydrogen was observed. 
Without isolating the product they proceeded to heat up the solid 
mass with ethyl io'dide. In this way various products wore ob¬ 
tained and separated by fractional disiillation. Among them four* 
compounds boiling between 120° and 2G5° were i.plated and charac¬ 
terized as follows : (1) butyric ester, (2 )diclhylacetic ester, (2) a compound 
identical with tho ethyl ester of Geuthcrs othyldiacetie Acid, 
whiqjx, since it decomposed with alkalis •into ethyl acetone, alcohol, 
and carbon dioxide, was termed ethaertone carbonate of ethyl, and (-1) a 
final fraction which decomposed in the same manner into diethyl 
acetone, alcohol, and carbon dioxide, and received tho name of (lidh- 
acetonc carbonate of ethyl. Frankland and Duppa explained tho 
filiation of tho first,two compounds by supposing that ethyl acetate 
is^converted by sodium into a mono- ami di-sodium ethyl acetate, 

CII 2 Na. COOCjr, aijd CIINa a . COOC 2 II s 

which with ethyl iodide yield ethyl- and diethyl-acetic oster. Tho 
formation „of etlycotone and diethaeetone carbonate of ethyl was 
explained by tho union of a molecule of .ethyl acetate with a molecule 
of mono- or di-sodium acetic ester formed by tho action of sodium on 
acetic ester. 

CII 3 . COOC 2 II 5 + CIIoNa. COOCJI, 

Clf ;i . CO. CHNa. COOCJI, + C*II,OH 

CII 3 . C00C 2 1I 5 + CHNa,. COOCJI, 

- CII 3 . CO. CNa a . COOCUI, *; C.JI ,011 

The action of ethyl iodihe on the two sodium compounds would 
produce ethacotono and diothacotone carbonic esters. These viows 
were generally accepted, and the name of Geuther’s othyldiacetie acid 
was subsequently changed to acetoacetic ester. 

But if. a subsequent paper 1 Gouther pointed out that lie had fViled 
to isolate either the mono- or di-sodium acotic ester ; but had found 
that a considerable quantity of acetoacetic ester is formed by the 


1 Zcit. Chun., 1808, 052. 
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action of sodium ethoxide on ethyl acetate, a reaction which ho 
represented as follows: 

2C 4 H 1 /) i4 + C 2 H,ONa = C B U D NaO t{ + 2C,H 5 OII 
Ho observed at tho same time that when the ethyl derivative r>f 
acetoacetic ester is heated with sodium ethoxide, ethyl butyrate is 
produced. It is therefoi'e unnecessary to assume the formation of 
the monosodium compound of ethyl acetate, since the presence of 
sodium ethoxide alone will explain, in accordance with Geuther’s, 
original oquation, the formation of both acetoacetic ester and ethyl 
butyrate. The production of diethylaqetic ester and diethylacetoacetic 
ester (Frankland and Duppas dietliacetone carbonate of ethyl) still 
romained unexplained. In a paper published in 1877 by J. Wisli- 
centjs, 1 the Avhole subject was submitted to a critical re-examination 
with results which have proved of the highest importance to syn¬ 
thetical organic chemistry. * Wislicenus showed that, jr!though - only 
one atom of hydrogen in acetoacetic esley can be replaced by sodjum 
by tho direct action of the metal, or of sodium ethoxide, an alkyl 
group having been introduced in place of this atom of sodium, the 
compound acquires the propriety of exchanging a second atom pf 
hydrogen for sodium, which can be replaced by'a second alkyl grotip. 
Wislicenus, adopting FranAland’s- formula, represented tho changes 
as follows: 

* / 1 

CII 3 . CO . ClINa. COOCJT, -4- CJL.I 

= C1I ;J . CO. CTI(Cjr,). COOC JT, + Nal 
CII 3 . CO. CNa(CJI,). COOCJT, -i C 2 II, l ’ ’ # * 

= CII :j . CO. 0(0,11,),. COOCJI, -i Nal 
As the second product yields, with sodium ethoxide, diethylacotie ester, 
Frankland and Duppa’s assumption of a disodium acetic ester proved 
as unnecessary as that of tho monosodium compound. 

But Wisliccnus’s inquiry was not limited to unravelling Frankland 
and Duppas experiments. The knowledge of*the numerous trans¬ 
formations which acetoacetic ester undergoes, the form".lion of mono- 
and di-alkyl derivatives, tho conditions which determine the ketonic 
and acid hydrolysis, and tho synthetic method for preparing acids 
ami ketones by a combination of tho two processes, are duo to him, 
and now belong to the most familiar synthetic reactions in organic 
chemistry. Although Wislicenus accepted„Frankland’s formula for 
acetoacetic ester in opposition to Goutlier's, as the moAo simple 
explanation of its behaviour, lie did not succeed in throwing any 
new light on the manner in which acetoacetic ester is produced. 

1 Annalcn, 1877, 180, l l 63. 
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Geuther, 1 who regarded both the sodium compound anti tho free 
oster as possessing^ the hydroxyl, or, as we now say, tho enolic 
structure, explained the process in the following ipanner : 

• CII 3 . COOC 2 II a 4 2Na = OIL,. C. O&a + CJI.-ONa 

CH.. 6. ONa + CH.. COOC 2 fl 5 = CII 3 . C(ONa): CII. COOCJI, V II 2 
CH 3 . C(ONa): CII. COOCJI, + C JI 4 0 2 

= CII,. C(OH) : CU. CQOCJI, + CII,. COONa 

Frankland and Dnppa,* on tho otfier hand, represented tho reaction 
as due to the formation of a sodium compound of acetic ester, wliie^i 
then united with a second molecule of acetic oster, 

CH 3 . COOCJI, + CH 2 Na. COOCJI, 

- CII!. CO. OIINn. COOCJI,, i-CJI.,011’ 

QH ; ,. CO ,CIINa. COOC JI, + CJI 4 0$ 

- CII.. CO. CH.,. COOCJI-, + CII,. COONa 


Tho controversy which tho structure of acctoacctic ester aroused, 
and out of which tho theory of tautomerism was ultimately evolved 
fPart II, chap, vi), diverted attention for a time from the mechanism 
of tho reaction. In tire meanwhile, Frankland's kotonic formula for 
Imth tho free ester and sodium cotnpodnd, which expressed in a 
simple fashion the greater number of it,s transformations, was 
generally accepted. 

The first serious contribution to a theory of the ncetoacetic ester 
synthesis ’is contained in a paper by Claisen* published in 1K.S7, in 
which he shows that benzyl bon/onto unites with sodium methylate 
and methyl benzoate with sodium bonzylato to form tho samo 
additive compound. 


^/ONa 

CJT,. COOCJI 7 + NaOCIIj = CJI,. C OCII 3 

^OC 7 lI 7 

^ONrt 

CJI,. COOCII, + NaOC 7 II 7 = C c IT,. C OC1I, 

\oc 7 n 7 

Benzaldehyde also produces the same substance by the action of 
sodium^methylate. , , i# 


afc 0 II a . CIIO + NaOCII, - C 6 II, . C(OOII ;! )(OC 7 II 7 )(ONa) 


1 Amiakn, 1883, 2io, 1*23. 

1 Phil. Tram., 18ttfi. 150, 3. ; Annakn, lbuU, 138, 201, 328. 
* »<fr., 1887, 20, U4G , 
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. • 

On the fiasls of this obearvation, Claisen suggested that acetoacetic 
ester is produced in two stages. A molecule pi sodium ethoxid| 
unites with ethyl qcetate and forms an additive compound, the latter 
combining with a second mol».cule of ethyl acetate to form sodiuqi 
acetoacetic ester, with th9 elimination of two molecules of alcohol. 

^ONa 

CITj. COOC,II 5 i NnOCJI 5 = CII 3 .0-0C 2 H 5 

• • , \oc 2 n, . 

/ONa 

ch 3 . c - ;oc 2 H 5 +n,;cii. cooc 2 n; 

\oCJIff 

s -CII,. C(ONa): CII. COOC.JT, + 20,11,011 

According to Claisen, therefore, the activo agent in the process 
is not metallic sodium, but sodium ethoxide. This View received 
support from a variety of independent observations. Ladenburg in 
1870 made the interesting discovery that ethyl acetate, carefully freed 
from alcohol by means of silicon chloride, is not attacked by sodium 
in the cold, and only very slowly 011 heating. It was also observed 
that, when ethyl acetate only contains a trace of alcohol, tho action 
of sodium at the commencement is very slow, but increases in vigour 
as it proceeds, a fact which Claisen ascribed to the liberation of con* 
stantly increasing quantities of alcohol, as exprossed in his equation. 
Moreover, Claisen’s theory explained tho enolic structure of the 
sodium compound, which w^is by this time generally recognized. 
I3ut the most convincing proof of the active agency of sodium ethoxide 
was afforded by the large number of similar condensations effected 
between different esters or between esters and ketones either with 
alcohol-free sodium ethoxide, or, less frequently, with an alcoholic 
solution of sodium ethoxide in placo of metallic sodium. 

Some of theso reactions will now be illustrated. It may be stated 
at the outset that the number of condensations eifected with sodium 
ethoxide far oxceeds Miat with metallic sodium. AceSic ester, how¬ 
ever, gives a vory much better yield with sodium than with sodium 
ethoxide, which even at 170° oply produces about one-third 'of the 
theoretical amount. Sodium acts similarly with propionic and 
Dutyric ester, but with much diminished yields. These products of 
thes^'cwo reactions have the structure, 

Cll 3 . CII 2 . CO. CII. COOC^ILj 

I 

CU, 

Propiopropionie e.stcf. 
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CII 3 . ch 2 . CH a . CO. CH. COOC 2 H 5 

CoII 5 

Butyrobutyric tjstor. 


It follows, therefore, that II 19 carbonyl group of the 0110 ostor mole¬ 
cule attaches itself to the a-carbon of tho second, and that the roaction 
may be expressed in the following general form : 


. ? 

• ir 

K.CO.OKt/JIL. CO.OH 

= R. CO. Oil. COOK+ R0II 

Succinic ester and sodium give the interesting cyclic compound 

succinosuccinic ester, which on 

oxidation is easily transformed into 

•/ t 

dihydroxyterephthalic ester: 

n 

cn.cooc 2 ir 5 

0. OOOtUI, 

ii.,V X Y'o 

IKY ^ N0(° 11 ) 


— > r 

od^^Joiia 

(iiojd^Juii 

Oil. cooc 2 h 5 

0. GOOC.JIr, 

Succinosu<;':iiUC ostor. 

Diliydroxytorophthal it: ostor. 


If, however, it is hydrolysed and heated with sulphuric acid, it 
loses carbon dioxide and gives a cyclic ketone, which may be reduced 
to the alcohol, converted into the iodide with liydriodic acid, and 
finally reduced with zinc and acetic acid to cyclohexane . 1 



110 


CII 2 

. Oil 

.not Jen, 

\/ “ 
CH, 



Malonic ester condenses with itself in presence of sodium, giving 
pliloroglpeinol tricarboxylic ester, the reaction taking place in two 
steps . 2 


1 Baoyor, Amialen, 1.894, 278, 111. • 

* Ba«v»r, liir., 1885, 18 , 3154 ; Willafilltor, ller., 1J72. 

Q 
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GJI,OOCIIc/ 

\ 


COOC..H 


2 iA 5 


>cooc 2 h 5 

+ CH< 

CO. CII,. COOC,H, " X COOC 2 H 5 


C 2 II 5 OOC 


.IIC<^ 


5 

CO CII.COOC 2 H 5 


^>CO 


CO CII.COOC 2 H 5 


Pliloroglucinol tricarboxylic ostor. 


Other examples of cyclic compounds produced by internal con¬ 
densation am furnished by tlio action of sodium on adipic or pimelio 
esters , 1 

CIT*. CII 2 . 000C 3 1I 5 C1I 2 - CII. COOCjITa 

| - | >00 +c 2 h,oh 

Clio. CIT 2 . COOC 2 II 5 r C1I 2 C1I 2 

Adipic ester. Cyclopoiilanoim carboxylic ester. 


and by the internal condensation of y-aeotobutyric ester which yields 
dihydroresorcinol . 2 


.Clio. CO. CII.. 

< “ 

\cu 2 .cooc 2 i: fl 


CH 2 CO 

II 2 C<^ ^>CII 2 + CJI,OII 
ClTjCO 


W. Wislicenus has extended tlie method to the preparation of 
- aldehyde esters and kotonic-dibasic esters by using formic ester on 
the one hand and oxalic ester on tho othor. Acetone and formic 
ester in proscnco of sodium e'thoxido yield the sodium compound of 
acetylaldehyde, CII ;i . CO. CII 2 . C1I0, which, on the addition of acotic 
acid, almost immediately undergoes further condensation to triacetyl- 
benzeno. 


C 0 .CII 3 

COCH ; , 

• cu 2 

- C 

one \jiio 

1 * 

IIc/\gII + 3H 0 

cii.,. co . 11/; am., . co. cii 3 cn a co. cl Jo. cocu ; 

ciio 

CII 

Acctylaldi'hydo. 

Triacctylbenzeno. 

Xcetophenono and formic ester can be 

converted in the rime way 

into tribenzoylbenzeno. Formylacetic ester, which is obtained by 


1 Dicckmann, Her., 1894, 27, 102. 

2 Vorliinder, Annalen , 1897, 294, 253. 
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condensing formic and acetic esters in presence of sodium, rapidly 
passes into trime^c ester at the ordinary temperature. 1 

3CHO. CH 2 . 0000*11, = CoII^COOCJI,);, + 3II 2 0 
• Formylphenylacefcic ester, which is prepared with sodium ethoxido 
from formic and phenylacetic ester, yields two desmotrepic f orms 
(Part II, p. 333) but does hot undergo further condensation. 2 

Oxalic ester has been a prolific source of new condensation products 
owing to tho ease with which it combines, in consequonoo no doubt 
of its acidic character. In some cases an alcoholic solution of sodium 
ethoxiue in place of the alcohol-free substanco is sufficient to induce 
condensation. A variety of ketonic cyclic compounds liavo been 
proparod. For example, by condensing glutari .and oxalic os tor 3 a 
derivative of eyelopentane is obtained : 


0,11,000 . ch 2 cooo 2 n 


CI1,+ 

I 


,, * c,n ,ooc. on co 
I 

- OIL 


C 2 II ,000. Cll 2 C00C 2 1L, 0,11-,OOC. CII—CO 

pikoto-cyi-lupcntuno tlicarlioxyliu t-sjor. 


•and by combining /d/J-dimethylglularic ester with oxalic ester 
Komppa 4 synthesised dikotoapocamphoric acid and later camphoric 
acid (Part III, p. 212). 


C 2 II 5 000. CH 2 

(J(CII a ),-i- 


0000,11 




o,iipoo.on oo 


(01L) a 0 


0,11.000.011, oooc,n 5 0,11,000.011 co 


Dikcto-npiicuuiphoric tsU-r. 


Acetic ester and oxalic ester yield oxaloacetic ostor, 


c 2 n 5 ooo. cooc,n, i on,. coocji, 

“ - c 2 n 5 boo. 06. on 2 .0000*11, \ o,n,on 


With mesityl o&ide, oxalic estor gives mesityloxido oxalic ester 
CH a * OOOCJT, 0II 3 


0: CII. CO. OH., + 0000,11. 

I 

cir a 


0: on. co. cnxo. cooc 2 ii 5 

OIL; 


Mi’silyloxiflo-nxalif esh-r. 

• J • « • 

OxaliiT'estor also readily condenses with propionic and normal Iftityric 

ester but not with isobntyric ester. • 


1 Piuttl, lier., 1S87, 20, 537. „ * Wisliwmns, Her., 1SS7, 20, 2930. 

8 Dicckmi^m, Ber., 1897,400, 1470. * Bur. , 1901*34, 2172. 

cj 2 
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In the l!ittor observation, Claison saw a confirmation of his theory, 
to which we will now return; for the structure of isobutyric.ester 
does not admit of tho removal of the two molecules of alcohol which 1 
the interaction of tlxo additive compound of oxalic ester with sodium . 
ethoxidc demands. ' 1 

ONa CH 3 

CJL.OCO. cCoC a Il- h CII. COOC 2 II s 
'can, CII 3 

A 

Tho fact has, however, received a much simpler intorpretatidn from 
Dieckmann, 1 wlio has shown that tho more acidic the /i-ketonic ester, 
tho less readily does jt undergo acid hydrolysis with sodium ethoxide. 
Acetoacelic *estor is very slowly hydrolysed at 180° with sodium 
ethoxide in alcoholic solution and is scarcely affected at tho boiling 
temperature ; the monoalkyl 'esters change somewhat mero readily, 
whilst the dialkyl esters are completely hydrolysed on warming 
tho alcoholic solution containing a trace of sodium ethoxide. The 
catalytic action of sodium ethoxide is explained by Dieckmann by 
supposing that a molecule of so£imn ethoxide and then a molecule 
of alcohol are taken up by the ester and that the product then breake 


up, regenerating sodium otho # xido : 


,ONa 


CII 3 . CO . OR,. 0000,11’ + KaOCjl, - CII.. C -OR,. COOC 2 II 5 

. ^ 00,115 

^/ONa ^/ONa ■ 

cii a c- cr 2 . coat h- c.,n ; ,dn - cilc~oc,ii,+cur, . co 2 r 


oc,ii 5 


,ONa 


^0C,TI s 


CII 3 .C—OC.JI, = CII ;i .COOC,lI,f Na()0,ir 5 

\)c.,ii. 


It is clear, therefore, that the apparently passive character of 
isobutyric ester is duo not so much to its structure as to the in* 
stability of tho condensation product with oxalic ester. It seems 
to follow that the process depends in some measure on the acidic 
character of tho final product,**or, in other words, on tho stability of 
the sodium compound of the ketonic ester. If this is so, it explains 
the reiharkal'le differences which have been observed in the ovj'ect of 
the condensing agent, the velocity of tho reaction, and tho amount 
of tho products. 


1 lkr ., 1900 , 33 ,* 2070 .^ 
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The sluggish action and unsatisfactory yield obtained with propionic 
and still more wifli butyric ester may be due to the more positivo 
character of tho product, whilst tho readiness with which oxalic ester 
enters into reactions, especially with other acidic substances like 
acetophenone, may depend upon the enhanced stability of the sodium 
compound of the ketonic ester- We are. in fact, dealing with a wide 
range of reversible reactions in which the balauco changes first to 
one side and then to the. other. * 

if 

We may inqi.iro a little more fully into the mechanism of tho 
changes just described. Frcm what has been stated, one is almost 
forced to the conclusion that the use of sudium, of dry sodium 
ethoxide or its alcoholic solution, and latterly ot aodamide, to which 
reference will be made presently (p. 233), only constitutes different 
modifications of the same fundamental process. 

This in itself is a strong argument in favour of Claisen’s theory. 
CJaisen has however withdrawn somowh.it from his original position. 
In a rocent paper 1 he reaffirms his view of the r«'»lo which sodium 
ethoxide plays in forming an additive compound, but leaves unde¬ 
termined the nature of the succeeding changes. 

•* Dieckmann, by reversing the pi icess by which he conceives 
hydrolysis with sodium ethoxide to In. effected, explains the acute- 
ucetic ester synthesis by a series of reversible stops as follows: 


,ONa 

cii-.c— OC..II- + cn 3 co.aii-^cii..c-cii..co u aii-,+cji-.on 


,ONa 

<c 


\ 


OC,II r> 


'can,-, 

,ONa 

CII ;s . C—CII,. 00,0,If, OII,C(ONa): CII. 00,0,11-. + 0,11,OTI 

x oo,ir. 


This scheme at first sight does not appear to differ materially from 
Claisen's original "conception : but it implies that the condensation 
does not necessarily involve both slops, and that in some cases, 
especially where ring fifkinatiou is involved, the removal of only olio 
moleculo of alcohol may occur and determine tho final result. 

Claisen's theory, even in its modified form, has not passed unchal¬ 
lenged. Nof 2 explains the acetoacetic ester and many other con¬ 
densations as due to* dissociation of hydrogen Trom Carbon jn tho 
negative group of one moleculo and tho formation of an unsulurqjlod 
group in the second, under the influence of the specific reagent. 


Ber., 1903, 3«, 3071*; 1903, 38, 709 ; 190S, 41* 1300. 
• a Annalcn, 1897, 208, 218. • 
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In the present case Claisen’s additive compound is supposed.to 
lose alcohol and the unsalurated group in the nasemit state to 'unite f 
with the dissociated acetic ester molecule. 


^/)Na 

ciT ;j . <j ocyi. 


\ 


ocyi. 


.ONa 

CIT.,. C( + C.,H 0 OH 
‘ “ I MJCJT, 


yrONa * • 

CII, C + II—CIL. COOC,II, = qp s . C(ONa). CH.COOC JI 5 

'^OC.JI, X 0C 2 1I, 

Cl 1*. C(()Na): CIT. COOC.,11, + CJI-OH 


The dissociation is enhanced by the presence of negative atoms 
and groups, so that compounds containing carbonyl, cyjyiogen, apd 
nitro groups more easily undergo condensation. Malonic ester, being 
more negative, dissociates more easily into* II and CII(COOR) 2 tliA’n 
acetic ester into II and CII*. COOK. 

Those reagents which promote dissociation—acids, alkalis, metals, 
&c.—assist condensation. The same principle ; s applied to otliof' 
condensations. % 

Tho formation of benzoylacotic ester, which cannot bo well 
explained by supposing* tI k t hydrogen is dissociated from the 
nucleus in benzoic ester, is brought under a different scheme. Here 
the unsaturated group is 


OCJI, 


/ 

C 0 II 5 . C -0 

i i 

which unites with acetic ester as follows: 


00 .,II, 




CJI,. C - O + IT—CIT.,.COOC.JI, 

U ^ M J U ll 


yOCJJ, 

c ti n a .d-»on 

\ciI,.‘COOC,II 5 


. 00 .,TI, 

/ - ■’ 

C b TT,. C-OII 

\cit 2 .cooc.,it-, 


CJT-CO. CII,. COOOJI, CJI.OII 
« 

« 1 


That the same kind of reaction should necessitate such different 

t 

interpretations seems scarcely satisfactory. > * 

Michael 1 has opposed Claisen’s tjicory for many and various 
1 J.praht. Chan , 1888 (2), 37, GOT ; LYr., 1900, 53, 3731; 1905,' ?8, 1923. 
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I 

reasons, but chiefly on tlio ground that nt* additive compound such 
as Ckiisen describes has been isolated ; that there is no evidence that 
it exists; that, moreover, the yield of acetoacctie estor is nnu-h 
•diminished by substituting sodium ethoxido for sodium, whereas tho 
reverse would be anticipated. 

The formation of such an" intermediate additive compound is also 
out of harmony with his ‘neutralisation law’. This law, which 
is based on energy changes, has already been discussed (p. 113). 
Michdel is perhaps more formidable as a critic than as a theorist, for 
his own explanation has a weak point, inasnuicn as ho draws a 
distinction between the mechanism of tho change effected by sodium 
and that produced by sodium ethoxido. Tbo # explanation having 
reference to sodium is briefly as follows. The souiuin, which is rich 
in positive potential energy, replaces hydrogen in acetic ester and 
gives rise lo the compound CILNa. @OOC a II-, which isomerises at 
once to 

oil-.: C(ONa)OC a Ir,; 


but the positive energy of tho sodium is still unexhausted, and, in tin* 
next phase, the sodium acetic ester, which still possesses free positive 
energy, seizes on tho carbonyl group of acetic ester, containing free 
negative energy, whereby tho metal is oO far neutralised that further 
condensation stops. « 


CII 2 *: 


^ONa * 
C - H 
x OC 2 II„ 


^ONa 

CII. 5 . O = GIL,. C--CIL. COOCJT, 

^OCJI, \)tyi, 


Finally, a molecule of alcohol is detached. Tho above change cannot 
be effected by sodium ethoxido, as it possesses less free energy than 
metallic sodium. 

It will bo seen that so far as the acetoacntic ester synthesis is 
concerned there is no essential differ* nee between the views <>f 
Michael anS Nef. According to Michael, where sodium ethoxido 
is used, a process of polymerisation similar to tho aldol condensation 
is induced (see p. 237). This condensation is brought about by tho 
free energy of the carbonyl group in the one molecule and the 
mobility of the liydibgen atom, duo to the proximity of a negative 
group in tho other molecule. Thus, tho union of ucdtic and,oxalic 
ester will be formulutod as follows: 

• 

1 J. prakt. Chem., 1S88 ($\ 37, 607; 1S99 (2), OO, 280, 409. 

I'Ber. 1900, 33, 3731; 1905, 38, 1922. * 
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• /° 11 

ROOC. COOR h OIL,. COOR = ROOC. C—r-CH 2 . COOR 

Nxjji. 

Tlio product then interacts with sodium othoxide and a molecule o/ 
alcohol is finally detached. 

^/ONa 

ROOC. C--CIIjj . COOR -* ROOC. C(ONa): CII. COQR 

N)C 2 'iI 5 

In the acotoacetic ester synthesis the sodium compound is formed 
previous to condensation; in the oxaloacetic ester it takes place after 
condensation. 

A very ingenious and suggestive explanation of this and other 
condensations has been advanced by Lapworth. 1 Lapworth supples 
that the substance undergoes ionisation, # forming an equilibrium 
mixture of ions. 

Acetic ester will yield the following ions: 


—CIL.CC +11 

Xian-, 


^ CII 


/ 


o— 


:C< +11 

M)C.JI, 


The presence of a base, by diminishing the concentration of the 
hydrogen ions, will increaso that of the negative,, ions and accelerate 
the change. The first represents the negative ion of an organo- 
metallic compound. Being a weak ion it is capable, by reason of 
its electro-allinity, of uniting with a neutral component, 2 i.e. a mole¬ 
cule of acetic ester, and of a new complex negative ion thus: 

/°~ 

CII 3 . C-OCJI, 

\jILj. COOCJI-, 

* 

The process may bo compared with that by which the alkyl group of 
a magnesium alkjfl halide attaches itself to (lie carbon of a carbonyl 
group. The process being reversible, as Dieckman has shown (p. 229), 
the ion may lose its neutral -component and break up into two mole¬ 
cules of acetic ester, or it may form a neutral substance with a positive 
ion, suqh as podium, or it may lose the negative ion, —OC.,11-, tin tho 

form 6f alcohol, and give acetoacetic ester. '* 

• » 

1 Trans. Chem. Soc., 1901, 79, 12G9; 1902, 81, 1513; T’roc. Chtm. Soc., 1903, 10, 
1 ^ 

8 Sou Abegg ami ttodliinder, Zcil. anonj . Chcm., 1SUP, 20, 475. « 
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Lap worth lias shown the close analogy existing between the acelo- 
acetie ester condunsation and the tirignard and Roformatsky re- 
actions by condensing oxalic ester and hromacytic ester in presenco 
, of zinc or magnesium, in Hie manne already referred to on p. 218. 

Before concluding the subject of the acetoacelic este" synthesis 
reference should be made to the introduction by Olaisen of uodamide 
as a condensing agent. 1 Tn the majority of eases its action is quieter 
and more regular than either sodium op sodium ethoxide. Tt can be 
used‘in tlio synthesis of 1 .8 dft-.etones and fin* alkylating ketones. 
Acetophenone and ethyl iodide in presence of so-lam id e give ethyl- 
acetophenone. By the act ion of ethyl chloraeotato on ketones, glyeido 
esters are formed. The latter reaction is explained by Claisen as 
proceeding in three phases. In tlio lirst an additive co.iipound with 
sodamido is formed, which undergoes condensation with the ethyl 
chlorncctulo and is followed l»y the rdfuoval of sodium chloride. 


1. O t; H,. C((3T :i )(ONa). Nil., 

2. C l . 1 TT 3 .r(CTT;0(ONa)UIl( , l. COOC.JT- 

8. c, ; iI-,. ciciuci] • coocur. 


o 

Modified Acetoacetic Ester Synthesis (— COOCJT, I CILX ; 
X — CO, CN, &c.). It is not essential that the second member taking 
part in the above condensation process should also bean ester. The 
place of, carbcthoxyl may bo taken by a variety of negative groups, 
such as 00 in aldehydes and kelo’.os and CN in methyl cyanide 
and its derivatives. The following examples will illustrate these 
modifications. „ 

By combining acetic ester with acetone, acetylacelone may ho 
prepared. 

Oil,. .COXUI, + OIIj. CO. OIL, --- CTL. CO.CII,. CO. Oil, I C,1f ,011 

4 AoHyla Horn*. 

Benzoic esteV and acetone form henzoylacelone. 

C ( JT-. CO. cil.co. cir, 


Benzoylacetophenone (dihenzoylmelhane) is formed in a similar 
manner from lien zoic rster and acetophenone. 

Ceiis.co.cii.,. coxy r. 

A vAriety of other compounds have boon obtained by Claisen ih a 

0 

similar way. 




jkr.f loon, ys, oaa. 
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Rin" formation is illustrated by the linking of oxalic oster with 
dibenzyl ketone. 1 



a, n 3 



COOCJI, 

l 

CII., 

CO- 

-CII.C (i II 5 

i 

+ yco 

- 1 J 

yco + 2C ui,on 

COOCJI., 

CII., 

| 

CO- 

-CII. C,.11, 


t cA • 



Oxalic ester 

• 

also condenses 

in prosojico 

of sodium othoxido with 


mdliyl cyanide 2 and benzyl cyanide,® tho first reaction taking placo 
as fellows: 


COOCJI, 

COOUJI, f CIT : ,.CN* 


COOCJI, 

| “ ' -tCJI.OII 

CO.C1T...CN 


and the second, 


COOCJI, C (i TT,CILON CO.CII< 

I + *= | /or. r +2c = lr '-Oii 

COOCJI, CUI.CII.CN CO.CIl/ 

“ * Nyi, 


CN 


but the most interesting reactions cf this typo are those in which 
formic ester is employed. • 

W. Wislicenus 4 was the first to combino forn^ic es^or with 
ketones, and obtained with acetone and acetophenone f lio formyl 
derivatives already referred to (p. 22(»). Formic ester also combines 
with hippuric ester,' 


/Nil. COC.JT, 
1I.C0()CJ1,+ IT.,C/ 

MJOOCJI, 


' /NII.COCA 

- IICO. CII< + OUT,Oil 

Njooqji. 


and with methyl indole, in which the CII a group derives its negative 
character from the proximity of the double bond.® 

• • • • 

1 Ohiison, Her., 1891, 27, 1353. 

* Flfisclihauiir, J. pro I, I. Client., 1S93, 47, -14. 

3 Volhnrd, Anttalrn , 1894, 282, 4. 

* Sou also Claiscii. Jnnalnt, 1894, 281, 3001 
3 Krlonmoyer, Her., <902, 35, 3709* 

* Angt-li auil Murchctti, Alii li. Aecad. LiUcei, 1908, 10, 74)0. 
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CIL - ClI.CIIO 

c^Oc.g 1 ^ 11 , coocui, = cyi^^c.cir +0,11,011 

N N " 

• (> 

Condensations with X .. 3-Diketones, Claisen’s Method. In 

studying the action of formic ester on camphor in presence ol sodium 
alcoliolate, Claisen 1 obtained hydroxy me fhylcnc camphor. 

*. /CII, * X) :GII. Oil 

GkHjX | ncooc.,11, -'cjr,,< | / + a, it, on 

x:o , MJO 

Camphor. Hydroxy methylene camphor. 

The condensation product possesses strongly ofid properties and 
forms salts and esters after the manner of acids. 

J 

/CrCII.OM * /CrClI.OR 

x CO , Nj() 

With acetic anhydride and benzoyl chloride it yields an acetyl and 
benzoyl derivative. Hut the most ‘significant reactions occur with 
phosphorus trichloride and the bases, ammonia, aniline and methyl- 
aniline. In the first case the hydroxyl is replaced by chlorine, in 
the second, by the radicals of tl*o thus, basic groups forming amides. 
It follows, therefore, that the ljew carbon group contains hydroxyl, 
and since .it can .only be represented by the unsaturated group 
— CH(OII), the term hydroxymcthylcnc has been given to it. The 
results of this'Vesearch led to the discovery of other hydroxymolhyleno 
compounds possessing still more marked acid properties. By the 
action of acid chlorides on acetoacelic ester or its metallic compounds 
the acyl group may L'oplace hydrogen either in the methylene group 
of the koto form, or in the hydroxyl group of the onol form. 2 bunco 
no acid chloride of formic acid exists, tho simplest of tho acyl 
derivatives, namely formylacctoacctic ester, could not bo obtained in 
this way. Formic ester, which might he employed as a substitute for 
tho acyl chloride, does not condense with acetoncotic ester in presence 
of sodium ethoxide, owing no doubt to the formation of the sodium 
compound of acetoacelic ester, wdiich would inhibit any further 
reaction. This suggested the use of orthoformie estor, hut this 
substance in presoneb of acetyl chloride condenses in tho following 
unexpected fashion, giving dietlioxybutyric osteil 3 * 

1 Annalen, 1S94, 281, 30G. 

2 Tim replacement of tlm radical in tlm hydroxyl of tho onol form is host 
accomplish*;^ hy means of the acyl or alkyl halide in presence of pyridine. 

* Bu-., 11X13, 20, 2720. ' 
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OIL 

| 

CII 3 

I yOC.JTr,* 

C< “ + IICOOC.,11, 

= | X OC,II 5 

CII 2 

CO Clio. 

1 + “ >ciiogji 5 

cii, cj-Lfy 

| 

C00CJI-, 

j 

COOCJI, 

Dicthoxybutyric ester. 


Tho latter. on distillation, loses a molecule of alcohol and forms elli- 
oxycrotonic ester, t^ie isomer of cthylacetoacetic ester. ^ 

CII 3 . C. OIL. CO,C,II- - CII 3 . C(OC,'II,): CII. C0 2 CJI, + 0,11*011 
C 2 II fl O OCJI, 

If, however, acetic anhydride is employed as condensing agent, tlwj 
following reaction occurs, wlvch is shared by other 1.3 diketones, 
such as malonic ester, acctylacetone, flc. 1 


CO 


>01100,11.-,— c: cii. ocyr,+2C,if,ori 
I ' 

CO 


CO 

| CII-Ov 

CII.,-I >( 

I - C a ll,(K 

CO 

I * 

Those substances represent esters of-.strong monobasic acids, for they 
are hydrolysed by either water or alkalis yielding the freo acid or its 
suit, and are converted into amides by ammonia or amines. Tho 
strength of the acids, as determined from their ekctricarconductivities, 
is of the order of acetic acid. Clnison concludes that tho group 

00—C—CO, which is present in these substances, may play the part 
of the —0 atom in a carboxylic acid, a view which is readily under¬ 
stood by a comparison of the two atomic groupings, tho dotted lino 
enclosing the equivalent of tho doubly linked oxygen in lormic acid. 

/(jo <rn>; o 

on. on C 15.011 

Ilydroxymetliylono diketone. Formic acid. 

The presenco of tho liydrojfy.methylene group in theso compounds 
is proved, as in liydroxymethylene camphor, by tho action of phos¬ 
phorous chloVide, tvliich romoves hydroxyl, giving tho acid cfclorido. 

CO C-CO 

II 

CIIC1 

„ * 

» Annalm, 1S‘J7, 207, 1. 
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On heating the latter with tho sodium snH of the acid, a compound 
having all the characteristics of an anhydride is produced. The freo 
•acids rapidly absorb oxygen and, on warming, evolve carbon dioxido, 
a when tho original diketone is regenerated. ® 

-C(\ -CO. 

>C: CIIOII + 0 - >0112 + CO, 

—C(V —CO' 


Tho compounds undergo various other interesting changes, for an 
account of which the original paper must bo consulted. 

Tho «so of aldehydes and ketones as participating members in a 
condensation introduces a wfiolc series of closely related reactions, 
among which am included the aldol condonsai ion, Claisen's reaction, 
and tho benzoin condensation. These reactions can on'y bo treated 
in a very general way. It should bo noted that although the 
mqphanism, of the change is probably closely related to that of tho 
acetoacetic ester synthesis and allied reactions, the result in the 
majority of cases is essentially diHerein', inasmuch as it leads 
indirectly to the separation of water and the formation of a double 
bond between the nowly attached carbon atoms. 


The Aldol Condensation (CO-I-Oil,. CO). This condensation, 
which was discovered by Wertz, 1 occurs between aldehydes and 
ketones, and may be expressed by the follojving general scheme: 

1IC : O + CII., .0:0 = IIC(OII). CII. 0:0 

i i “ i i it 

A second pliate in tho process results in tho elimination of water and 
tho production of an unsaturated compound. 

IIC(OJI). CII. C : O = CII: C. C : O +11,0 

i .11 ill 

Tho first is the aldol, the second tho crotonaldohyde condensation. 
Sometimes tho first phase does not appear and only tho second becomes 
manifest. 

The usual reagents, which effect the condensation, aro hydrochloric 
acid, potassium carbonate, potassium cyanide or caustic 1 soda solution, 
and less frequently sulphuric acid, acetic acid, acetic anhydride, and 
zinc chloride. 

The typo of all these condensations is tho formation from 
acetaldehyde of aldol (hydroxybutylaldehyde) and crotonic aldehyde. 
The fir'st reaction occnrs in presence of hydrogen chlo.ido or potas¬ 
sium carbonate, and the second either by the action of heat on tho 
aldol, dr by the direct action of zinc chloride on acetaldehyde. Aldol 

1 Ju'acsb.. 1872, 410. 
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will condense again with, itself, giving normal octylaldol, as Raper 
found . 1 # ,* 

CII,. CII(OII), CII a . CII(OII). C1I 2 . CII(OII). CII 2 . CIIO 

Qulylaldnl. 

The production of mesityl oxide and pliorono by tho action of hydrogen 
chloride on acetone 2 is another oxamplA of the crotonaldehyde con¬ 
densation. 

CII 3 . . CII 3 

\ , ' \ 

CO + CII 3 . CO. CII-, - C : CII. CO. CII 3 

/ ' V 


on. 


CII, 


Mishityl oxide. 


on, cir, cir. 

\ J ' \ / 

C:CII: CO. CII. 4 CO = C :CII. CO.ClTiC 

/ . I /. \ 


(MI;, 


CH, 


CII, CII, 


CII, 


CII., 


Pliorono. 

The reaction has also been iisfid for preparing unsaturated cyclic, 
compounds. Diacelylbutane and strong sulphuric acid yield methyl- 
cycloponteno methyl ketono.i' 

,CTI,. OIL. CO. pil, yCIl ,. C. CO. OIL. 

— OH, || 

co.cn, \ 3 ii,.,e. cir, 

* t 

Diacetylpentano gives in tho same way niethyltetraliydrobonzeno 
methyl ketone . 4 

Claisen's Reaction. A special interest attaches to tho use of 
dilute sodium hydroxide solution as condensing agent, 'which was 
iirsl employed by Schmidt r * and afterwards studiod by Claison.® 
Condensations between aldehydes and a variety of aldehydes and 
ketones have been effected lVy tliis reagent. The syntheses of erythroso 
from glycollic aldofiyde and fructose from glyccroso furnish examples 
of this process (Part III, p. G). 

011,(011)0110-1 CII,(0Il)CIl6 - C1T,(0II). CTI(OII). CII(OII). CIIO 

(.Mycollic aldehyde. Jfryllirose. 

.. T • 1 

c 

1 Paper, .). Jmr. rh,m. 11107, 01, 1 S:> 1. 

* Uaeyer, .1 ninth it, lSlid, 140. 297. > 

:l Mnrslinll ;ind Perkin, Trans. Cfn ni. tine., 1 WO. 57, 211. 

4 Kipping ami IVrkin, Trans. Chon. Sue., 1890,57, 11. 

* Her., 1SSC, 13, 2342. 6 Per., 1881,14, 2*71. 
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In many cases the aldol phase is lost, iyul only the second jdi aso 
appeals. Claiscii found that henzaldoliyde and acetone in presence 
of sodium hydroxido solution (10 per cent.) yield benzylidene and 
\ dibenzylideno acetono. # 

C 6 H a CHO + CII 3 . CO. CII :{ = C.JI,. CII: CII. CO. CII., 1 11,0 

lionzyluli'no ui'otmu 1 . 

C fi II 5 CII:CH.CO.CII ; .+ OIICCJI, C (; II,CII:CiI.CO.CTI:CllC ( .II, 

Diljeiizyliilono acetone. 

• *1 

With o-nitrobenzaldeliyde and acetone, Eaoytfr and Drowsen 1 

succeeded in arresting the action at the first stage and obtained the 
nitroplicnyllactyl methyl ketone, which by boiling with acetic anhy¬ 
dride is converted into the misaturalcd compoiwul. 

. No a c 0 ii i cixo f cu a . co.. cii, muy r,cii(oii)Cir.,civnir ; . 

^Nilrnphi-iiyllaHyl nn-ihyl ketone. 

—> NO a C i; lI,ClI : Oil. CO . CII ; , 

4 ■' Niti*obcii/.yli'l«rin acetone. 


In this condensation an excess of alkali is to bo avoided, otherwise 
indigo is formed. 

If the new compound obtained ny means of this reaction is an 
aldehyde, like cinnamic aldehyde (which is formed from benzaldehyde 
and acetaldehyde), the process of condensation may be repeated. 

C.JT-.CIIO + OIL,. Clio - C (i n. . CII : CII. C1IO + IT a O 


As Einhorn and Diehl 2 have shown, cinnamic aldehyde may un¬ 
dergo :i second condensation with another molecule of acetaldehyde 
or acetono. 


c 0 ll a cn :CIT. Clio + CII.,. CIIO -» C, ; II„CII: CII. CII: CII. C1IO 

This method of condensation has received an interesting technical 
application in the preparation of vmonv .—a substitute for essence of 
violets, the sweet smelling principle of which it closely resembles 
both in structuio and perfume. Iononc was prepared by Tiemann 
and lvriige^ 3 from citral, an aldehyde contained in citron and lemon- 
grass oil (Part III, p. v>7). Citral nd acetone condense in presence 
of baryta solution to form pseudo-ionnnn, which is converted in turn 
into a mixture of a- and /i-ionono on boiling with sulphuric acid. 


(CIT ; ,) a C : CII. CII 2 . OIL,. C(0U 3 ): CII. CIJO + Cl 1,. CO. CIT ; , -> 
(O’ I 3 ) “c : CII. Cl Y., . CIl a . C(CI r ;5 ): Cll. CII: UI. C J . ci: ; , 

Tho conversion of psoudo-ionone into a- and /?-ionono may ho sup- 


* Her., 1882 , 15 , 2857 


3 ba\, 1898 , 31 , 808 . 


Ba\, 1885 , 18 , 2320 . 
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posed to take placn by the,addition and subsequent removal of two 
molecules of water. 


Ml, CII a 

X/ 

C(OII) 


n a q 


/ 


>01 r a . C1I:C1I: CO.CIIg 




jC(OII)CII a 

cn, ' 

/ \ 

cn 3 cal. 

\> 

c 


. CII. on., 

\/ 
c 

II x/y ,011'. C1L: CII. CO. CII, IUY^O. CII: CII. CO. CII* 


CII 


C. CII.. 


IU\ 

CII, 


C.CII, 


a-lonrmo. /3-Ioiionr. 

Irene, tlio perfume itself, is represented by the formula 1 

CII, CII, 

\/ 

C 

HC,/\ II, CII: CII. CO. CII , 


IlC^CII.CIIa 

CII 2 ,, 

Irono. 


Another example ef cyclic formation is furnished by the conversion 
of citroncllal into isopulcgol. 3 

(CII,).: CII. CII,. Cll a . CH(C1I.). CII,. CIIO 

C1I,CII, 

= (CII. ; )„0: C<^ ^>CII.CII 3 
(IIO)IIC — C1I 2 

Like tlio aldehydes, diketones may undergo condensation with other 
ketones, and Japp 3 and others have succeeded in forming products 
by combining ben/il and phonantliraquinone with acotone, &c. An 
interesting application of the same reaction is due to von Peelin',, .inn, 4 
who propared quinones of the benzene series by a similar process. 


2 Tioniiinn iiial Schmidt, Her., 18'JC, 20, 213. 
‘ Hr., 1888, 21, 1-117 P 1825, 28, 1815. 


1 Her., 1821, 20, 2075. 
s Her., 1883, 10, 275. 2S2. 
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Thus, diacetyl and sodium hydroxide pave first tho intermediate 
proUqct dimethylqyhwgen and by internal condensation p-xi/laquinone. 

cii 3 . co. co. cil, cn a . c. co* cn a 

+ — > , || o —* 

CII a . CO. CO. CII a lie. CO. CO. CJI 3 

Diacetyl. , DiiiK'tliylqmnoyon. 

CII 3 .C.CO.CII 

II II 

Cl IIO.OO.C.*CII a • 

p-Xyloquiiiono. 

Acetyl propionyl forms, in tlio same way, durocpiinone. 

Knoevenagel’s Reaction (CO 4- CII 2 X ; X -= tK) ; ON; NO.,, Xc.). 
^Vmong the earlier attempts to bring about condensation of aldehydes 
and ketones with 1 . 3 diketones and 1-^tonic esters is that of Claison, 1 
wl?o, by the uses of hydrogen chloride, succeeded in obtaining con¬ 
densation products with j.cotaldeliyde, bcmrildchydc, and acetoacetic 
ester of tho formula : 

E.CIL. 

>C. COOCtfl, 

cii 3 .co/ 

Much more effective reagents for this ‘purpose are ammonia and tho 
primary and secondary bases, and even glycoeoll and other amino 
acids can ho used in some cases. 4 

Japp and Stroatfeild n wore the first to employ ammonia to condense 
phenanthrarp. inone and acetoacetic ester. 

‘ JCO.GIU 

• C (l IT 4 .CO /CO. CII 3 C (i II 4 .C:C< 

| | +CIL< -> | | -NcOOGJIs 

c fj ir t .co \cooc 2 ii-, c (! u 4 .co 

In 1893 Knoevenagil 4 carried out a much inoro com pie to investi¬ 
gation, in which not only ammonia, but diethylaminc, piperidiueand 
aniline wore usodVith success. Thus, b^nzaldehyde, in presence of 
small quantities of diethylamine, condenses with acetoacetic estor 
when cooled in a freezing mixture, forming bonzylidene acetoacetic 
ester, that is, the compound which Claisen obtained with hydrogen 
chloride. 

/CO.CII 3 
C c II 5 . CH: C< 

\COOC a II 5 

1 Annalen, 1883, 218, 172.. * Dakin, Journ. Biol. Chem., 1909, 7, 49. 

8 Ttans. Chem. Soc., 1883, 43, 27. • 

* Annalen, J894, 281, 26 1904, 37, 446. 

rr. I n 
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In some cases two molecules of the 1.3 diketone condense with 
the aldehyde if the process is conducted under modified conditions. 
Thus, benzaldehyde # und acetoacetic ester condense in presence of * 
diethylamine, if the reaction proceeds at the ordinary temperature, to , 
form benzylidencdiacetoacetic ester. 


CO. CII, 


C c II s CIIO 


vCO.CIL / \C 00 C 2 II 5 

+ 2011,/ ' =C 0 IT,CIl( . +IL0 


\COOC 2 II a 


\ XO.CII 3 
CII< 

x COOCJI 


2 A 5 


Compounds pf tins' character, which may bo described as 1.5 di- 
kolondS, aro capable of internal condensation iu presence of alkalis on 
hydrochloric acid, and a variety of cyclic compounds have been built 
up in this manner, of which the following is an example. 1 Alkyli- 
denediacetoacctic ester undergoes inner condensation with alcoholic 
potassium hydroxide, and, on hydrolysis, loses carbon dioxide and 
yields the eyclohexenone derivative. 


CII 3 . CO. CII. COOC JL 

I 

CIIR 

I * 4 

CII3.CO.CH.COOC.jL, 


CII a . c_ 
lie/ 


CIL.C- Oil. COOCJL 

/ \ 

Oil CIIR 

\ / 

C0-<J1I.C00C.JI 5 

OIL 
^>C1IR 


\ _ 

CO CII., 

r - 

An analogous reaction to the above is the formation of isoacetophorono 
from acetone and lime. 


CII ;| : H 
/CO, 
CIlJ II 


ciL.co.cn, 


CII 9 . CO. CII, 


Acotono. 


CII ;{ CII3.CO.CH, 

\c/ 

/ \ 

CII3 (jH3.co.CH3 

Intermediate product. 


CII., .CII., CO 

. - >c<- >1 : 

CII, Cll a C. CII3 

Isoacetophorono. # 

* 

'} Annalen, 18U4, 281, 25; *1895, S88, 321. 
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Rnoevenagel explains the action of tho condensing agent on the 
i assumption that ffio aldehyde first unitos with the huso. llcnzalde* 
liyde and piporidine combine as follows : • 

’ C 0 II,CIIO + 2C-II 10 NII = C’H 5 CII(NC 5 II l( ,) 3 + ILO 

Tho product then interacts with the diketone and regenerates the 
base, which thus plays the part of a catalyst. 

C c II,CH(NC 6 n i() ), 4 OIL. CO. Oil,. CQOCJI-, 

“ /CC.CII, 

= C„H,CU :C< ' + 2Cr,IIi 0 NII 

XXIOCyi, 

Another explanation based on ionisation (p. 23p) has boon advanced 
by Ilann and Lap worth, 1 in which tho acctoaculic osfer forms an 
equilibrium mixture of tho following ions : 

*CIL. c6: CII. COOC.JI-, + II CII... CO. Oil. COOCJI, 4- II 

The latter would then combine with the molecule of bcnzaldehyde 
as neutral component (see p. 232) from which, by elimination of 
a hydroxyl ion, hcnzylidene-acotoacotic ester would be produced. 


• CIL.CO.CII.COOCJI, 


4 II 


0 , 11,0110 


CIL.CO.C.COO.,11, 

II 

C U 1T,C11 


4-11,0 


The effect of the base might be to remove hydrogen ions by forming 
tho complex NKRfTj or introduce hydroxyl ions and thus increase 
the concentration of JLlio organic ions. 


Benzoin Condensation. The action of potassium cyanide on 
aromatic aldehydes Is a peculiar one, and ni'fiy bo represented by 
the oldest example—the formation of benzoin from benzaldehydo 
and alcoholic potassium cyanide—which was first studied by Liebig 
and Wohler. 3 

.C,IT,C0II C,.II 5 .CII.01I 

• + — I 

C (i II 5 COII C c II 5 .CO 

Bo n/.ii Acliy ilo. B« -n/oi n. 

The reaction hears a closo rcsemhlanco to tho aldol condensation. 
The specific action of the cyanide, which differs fundamentally from 
that o£ the caustic all^ilis or sodium cthoxide (winch psoducg benzyl 
benzoate or a mixture of'benzyl alcohol and lien zoic acidfc has 
roceived various explanations, 5 the most plausible cf which is that 

1 'lYans. Chan. Roe., 190t, 85; 40. * Annalei\ 1832, 3, 276. 

3 luifevouagol, JJtr., %SSS, 21, 1316 ; Nef, Annaltn , Hj97, 208, 312. 
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of Lap worth. 1 He suggests that the benzaldehyde forms a cyan- 
liydrin with potassium cyanide, which then conddises with aimther 
moleculo of beiizaldhliyde, hydrogen cyanide being finally elimi¬ 
nated. ' 


c 0 n 5 


C fi II 6 


C t TIs c,.h 5 


IIO. OH + 011:0 = HO.C- 


-CH.OH 




Finacone Condensation. A reaction not unliko that which proi 
duces aldol and benzoin, and*-which was first observed^ by Fittig, 2 
is brought about by the action of neutral, alkaline, and occasionally 
acid reducing agents on* aldehydes and ketones. In addition Vo 
primary and secondary alcohols, this reaction gives rise to substances 
known as pinamnes. In this reaction the molecules of tho original 
compound become linked by tho aldehyde or kebnie carbon atom ; a$ 
the same time two atoms of hydrogen are taken up. The compounds 
are in fact secondary or tertiary glycols. Tho following examples 
will illustrate the process: , 

• CtfHrjCOH C u IIr,CII. 'Oil 

+ + IX 2 = 'I . . • 

O 0 31-COII ’ C u IL ) CTI.OII 

lJei^ /.aldehyde. llydrobonzoin (and 

Isohydrobenzoin). 

/ • 

CII 3 . CO. CII 3 CII 3 . C(OII). CII 3 


+ -1IT 2 

1 

CII 3 .CO. CII 3 

CII 3 . C(OH). CII 3 

Acotono. 

Tetrain ethyl ethyleno glycol. 

C a II 5 .CO.C 0 II; 

C 0 II,. c(oii). c\ir 5 

+ + II.) 

1 

C. : II,.CO.C 0 II 5 

C u II,,C(OII).C (i II 5 

Uciizophunoiic. 

Beuzpiuacouo 

Totruplienylethylono glycol. 


The first of tho above reactions occurs with aromatic aldehydes 
and ji Vow of the* aliphatic aldehydes 3 ; tlife two latter aj»3 alike 
shared by aliphatic and by aromatic ketones. The reaction has been 

1 Trans., 1908, 83, 995. 

3 Annulni , I85S, 110, 20 ; 1859,114, 51. * lie name pinacono 1ms reference to 
tho tabular form ortho crystals obtained frofti acetone (mm£ — table). 

3 Ciusa, 11. Accatl! Lined , 1913, 22, GS1. 1 
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used for internal condensation, as, for exr inple, in the preparation of 
dimbtliyldiliydrony-cycloheptane from diacetylpentano . 1 


cn < 


CII.,.CII.,.CO. CII, 


CII 2 . C(OII). CII 3 

cii a < “ I 

'CII,. CII.,. C(OII). CII 3 


^CHj • Clio • CO CII 3 \JXXo . V,JL Ao > V. ^11; . UIJ.3 

The reduction is usually effected by sodium amalgam, the aluminium- 
mercury couple, zinc and acetic acid, or zinc and hydrochloric acid. 

No very clear explanation of tlio mephauism of the process is yet 
forthcoming. The action of sodium on aldehydes and ketones has 
boen studied by Fittig, Beckmann and Paul, and also by Freer, and 
may possibly throw some light on tlio subject. Kane, early in tko 
nineteenth century, found that potassium liberates hydrogen from 
acetone and forms a compound CJT.OK, and more recently Freer 2 
stated that ho had obtained a similar compound by the action of 
sdilium, tfo which he assigned tlio formula CII :t . C(ONn) :CII 2 . 
Fitlig’s 3 observation that sodium acts unon aeotono with the pro¬ 
duction of a sodium compound of pinacono receives a ready inter¬ 
pretation if we assume that two molecules of a nascent sodium 
acetone become linked in process of reduction. 

CILj. C(ONa). CII;, 

Cir... C(ONa). CII,, 

Beckmann and Paul 4 have shown in the same way that benznldehydo 
and benzoplienone form sodium compounds which are decomposed 
by watbr. • • 


CJI.COIl 

Na 

+ + 


c,, 11,0011 

Bcnzaldeliydu. 

Na 

(C 6 IIfl) a OO 

Na 

+ 

Na 

(C 0 IL,) a CO # 


C (} ir,CII . ONa 

| + II.,O - 

aiLCll. ONa 


(C c II,) 2 C. ONa 

^>0 + II a O 

(C (J II 5 ) a U. Na 


o.ii.cii. on 

_ 1 

0,11-on. on 

Jlyilrobcn/.oijj. 

(c (i ii-,)..c.on 

“I 

(W • Oil 


In the latter case betizliydrol is also formed. 

According to Schlonk ‘ the formula of the sodium compound of 
benzpinacone has half the molecular weight assigned by Beckmann 
and Paul, and contains tcrvalont carbon (p. G5). 

■(O 0 H,),O. ONa 

1 Kipping and Perkin, Ttmis. Chan. S«c,, I SMI, 50, 211. 

2 Amer. Chun. J., 1893. lb, 5S2 also Tayloi, Tutus. Chrm. Soc., 1900, 80, 125S. 

3 Annalen . 1859, 110, 25 ; 1800, 114, 54. JL 

* Annal^ 1892, 208, 1.* 6 Bcr. t 1911, 44, 1178. 
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Perkin’s Reaction. The history of this interesting reaction dates 
from Perkin’s synthesis of coumarin in the year 1368. 1 Coumarin, 
the sweet-smelling .principle of woodruff and hay, was found to 
decompose, on fusion with potassium hydroxide, into salicylalde* • 
liyde and acetic acid, 

C a II 0 O 3 + 2II 2 0 = C 7 H 0 O 2 + C 2 II 4 0 2 

Coumarin. Salicylalduliydc. 


from which the natural conclusion was drawn that coumarin was 
the anhydride of adetylsalicylaldehyde. 


CJi 


< 


CLIO 
OC 2 H 3 0 


c (i n* 


\ 


CO 

coen. 


By howling sodium salicylaldehyde with acetic anhydride, coumarin, 
was, in fact, obtained. The evidence seemed conclusive ucitil it was 
discovered that acetyl salicylaldehyde is unchanged by acetic anhy¬ 
dride, although, with the addition of fused s»dium acetate, coumarin is 
readily produced. The formula assigned by Perkin, which represented 
coumarin as a derivative of acetylsalicylaldehyde, was disputed by 
Fitlig, who could not reconcile it with the constitution of coumaric^ 
acid, of which it is the anhydride; for coumaric acid must then form 
coumarin by the removal of•• hydrogen from the benzeno nucleus, 
a process which seemed difficult to reconcile with the properties of 
tlio compound. * 

. .COOII Ai 6 

C c II 4 < -* C 0 Il/ . . ‘ 

\eo.cn 3 x co. cit 3 * 

Fittig preferred to b: ^e his view of its constitution on a reaction 
discovered by Bertagnini 2 for the preparation of cinnamic acid, which 
consisted in heating benzaldehyde and acetyl chloride. 


C (; II,CIIO I- CII 3 . COC1 = C g II 6 CH : CII. COOII +1101 

The formation of coumarin might bo explained*- in an analogous 
fashion. ' 


+ CII,. COOII 


/ONa CIL „ CO x .ONa * 

CJl/ + >o-»c g ii/ 

X CIIO CIL,. (XK M 

CJl /, , . h CILj.COONa-r^CJI^ | ,>H,0 

>011: CII. coon \3H: Cll.Cd 


'CII: CII. COOII 
« . 0 - 


The formula for coumarin as the inner anhydride of o-hydr6xycin- 

i 

1 1 jnnalen, I860, 1^0, 126. 


1 Trans. C/tem . Soc/ t 1808, 21, 63. 



• p 


PERKIN’S REACTION 


249 


namic acid is now universally accepted.’ In 1877 2 Perkin published 
a new, method for^preparing cinnamic acid and analogous compounds 
# by means of a reaction of very general application which now bears 
is name. It consists in heating a fatty or aromatic aldehyde and 
he anhydride of a fatty acid, together with its sodium salt, to 180° 
for several hours. The formation of cinnamic acid from benzaldo- 
liydo, acetic anhydride, and sodium acetate was explained by Perkin 
on the assumption that the anhydride acted upon the aldoliydo in the 
following manner: 

CIL. CO. C (i U,CII:ClI.CO v 
2C u H 5 CIiO + >0= >0 + 211,0 

,C1I 3 . CO' C (! 1I,CII: CII. C0 X 

The view was, however, opposed to tho observation of G! outlier and 
ili'ibner, who found that benzaldeliydo and acetic anhydride yield 
be*zylidcne acetate: * 

CII 3 .CO. /O.OC.OI I 3 

C,1I,. CIIO + >0 - CJT,. 011< 

cii. { .co/ \o.oc.cir., 


To settle tho question, Perkin heated bonzaldehydo and acetic 
Anhydride with sodium propionate and obtained cinnamic acid, 
whereas with propionic anliydrido and sodium propionate, phenyl- 
erotonic acid was formed. Perkin assigned to phenylcrotonic acid 
tho formula, • ' 

c t; ii,. cii: cii. cn 2 . coon. 

By tho mten&tion of benzaldehyde, succinic anhydride and sodium 
succinate, a second or isophenylcrotonie acid |vns subsequently pre¬ 
pared by Perkin, tho formation of win. received tho following 
interpretation: 


C fl II 5 CH 6: 

C1I 2 C00II 
* CII,. COO:II 


C (; II-,.CII 

II 

C.C001I «-II 2 0 + C0 2 

I 

ci; a 


Fittig. 3 who had been engaged in a careful study of tho unsaturated 
acids, was unable to reconcile the properties of the two phenylcrotonic 
acids with tho respective formulae assigned by Perkin. The aft 
unsaturated acids possess tho following propovties «in cqmmon: 
the aduitivo compounds with hydrobromic acid, when hcakd in 


« 

1 According to Micliacl (J. praht.Chem., IS!)!), GO, 3G8) Stroeker was tho first to 
propose this formula in his Lehrbuai. 

» Trans. O&n. Hoc., 1877, ^2, 389. 8 i)cr.',*1894, 27, 2658. 
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aqueous solution, either lose hydrogen bromide and pass back into 
the original compound, or tho bromine atom is replaced by hydroxyl, 
whilst in alkaline solution, carbon dioxido and hydrogen bromido 
are removed, and an unsaturrtod hydrocarbon results. /?-bromo-j 
phenylpropionic acid reacts in tho following way: 

1. C (i lI,CHI3r.CIT,. COOII = CJI 5 . CII:CII. COOH + IIBr 

2. C,.II,CIIBr. CII,. COOII +11,0 

k • = Q c II r ,CI[(0H). CII 2 . COOII h IIBr 

3. CJI-CIIBr . CII,. COONa = C c H 5 CII: CII., 4 NaBr 4 CO, 

• c 

It was the first and not the second plionylcrotonic acid which behaved 
in this way and gavi» with sodium hydroxide solution the unsaturulod 
hydrocurboi., methylstyrene, C 8 H 5 CII: CIIC1I,. The two formulae 
must consequently be reversed. It follows, therefore, that in thA 
reaction between Irenzaldehydft and propionic acid, it is tiie a-carkon 
of the acid which attaches itself to the carbon of tho aldehydo 
group . 1 

In order to follow tho phases of tlio second reaction, Fittig and 
Jayne- repeated Perkin’s experiment with henzaldehyde, succinic 
anhydride, and sodium succinate, but at a temperature of 100° instead* 
of 180°, with the following, interesting recults: no carbon dioxide 
was evolved, but phenylparaconic lactone was formed, which, on 
heating, evolved carbon dioxede aiftl yielded isophenylcrotonic acid. 
Fittig explained tho changes as follows: * 


COOII 


COOH 


C,.II,CII0 4 cd.CIT, C u TI-CII(OII). CII.CH, 

* i >i 


COOII 


COOII 


COOII 


CJI-,. CII. Oil .,JII, -> CJL.CII: CH . CII.,COOH 4 CO, 411,0 

II “ 

o-CO 

Phenylparaconic) lactone. Isophonyjcrotonic acid. 


Tho production of a hydroxy compound, which, as in the ahlol 
condensation, Fittig assumed to represent tho first phase of the 
process, was rendered still more probable by tlw> formation of phenyl* 
liydroxjpivafic acill from henzaldehyde, and Sodium isobut^fate in 
preseneo of acetic anhydride . 3 

• 

1 This view had already found expression in MifrkownikoIFs law, Avvalrn, 
18 ( 58 , 140. .* 148 , and Wad been further insisleu on hy Michael ( Jier ., 1878 , 11 , 1015 ). 

* Annulcn, 1882, 210, 07. 8 Amalm, 1882, 2A}, 115. 
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C fi II 5 . CIIO -1 CXI. COONa - C (i II-. CII((yi). C . COONa ' 
CII, * CII 3 

J*IicnylliyilroxypivaIic acid. » 

Fittig found, moreover, that in tho prej»aralion of phenylparaconic 
lactone at tho lower temperature, aeeiie anhydride may replace with 
advantage succinic anhydride, and this Jed liyn to i/.fer that it is the 
aldehyde and tlib sodium salt which interact, and not, as Perkin had 
assumed, the aldehyde and Jtnhydride. 31y conducting tho process 
al 100 ° he in fact obtained, from benzaldehydc, sodium propionate 
and acetic anhydride, phenylcrotonic acid, and ftyin sodium butyrate 
^md acetic anhydride, phenylangelic acid. The fact that Perl^n had 
obtained einuamic acid from benzaldehydc, acetic anhydride, and 
soflium proi>ionato now received a simple explanation, for if tho 
reaction is conducted a* 100 ', tho sodium salt of tho acid reacts, 
whereas at 180 double decomposition will occur between tho acetic 
anhydride and sodium propionate or sodium butyrate, yielding sodium 
acetate and propionic anhydride or butyric "anhydride. The sodium 
salt thou produces,'with benzahlehydo, cinnamic acid. Fitlig’s view 
received apparent confirmation from the experiments of Stuart , 1 who 
prepared analogous compounds with malonic and isosuccinic acids, 
both of which are incapable of forming anhydrides. Fittig then drew 
the following conclusions: Perkin’s reaction occurs between tl o 
aldehyde and tho sodium salt of the acid in two stages ; in the first 
a hydroxy compound is formed, coridensatioiQ taking placo between 
the aldehyde and a-carbon of tho acid ; in the second, water is 
eliminated. In the fcase of polybasic acids a lactone may bo formed 
from which water and carbon dioxide can be removed on heating. 
In spite of apparently convincing proofs, Perkin * did not relinquish 
his original view that tho interaction takes place between the anhy¬ 
dride and tho aftlehyde, a view which is also shared by Michac{. 
Perkin pointed out, for example, that the formation of phenylangelic 
acid on heating a mixture of benzaldehydc, sodium butyrate, and 
acetic anhydride to 100 ° does not prove that combination occurs 
between the aldehyde and the sodium salt; for, in the first place, 
cinnamic acid cannot be formed under any circumstances at ibis 
low tt? aperature, and' secondly, the sodium salt and acetic aAhydride 
react readily at 100° to form sodium acetate and butyric anhydride, 
and the same is true of the salts of other higher fatty acids .' 1 Perkin 

1 Her., 18^3, 16, 1430. » Trans. Chan. %oc., 1880, 47, 317. 

< “ Michael, J. prakt. Chan. 1806, 60, 301/ 
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suggested that in the preparation of cinnamic acid, llio benzyl ideno 
diacctalo. which is produced by the interaction oftbenzaldehydb and # 
acetic anhydride, ami which is known to decompose into cinnamic 
acid, may undergo isomopic elirnge and then lose a molecule of aceticj 
acid* 

yOCOCIL. /O. CO. CII 3 

CJL,.C1I< -* C c II 5 .CII< 

M)COCII :( X CII,. COOII 

A* Coir,,. CII: CII* COOII + C,1I ,Q, 

Perkin s theory of the process bears.a strong resomblanco to that 
recently suggested by Claisen 1 toexplain tlio aceloacetic ester synthesis. 
These coutlicting results are dillicull to adjust, and the question of 
tlio course of the reaction must be left for the present undecided. 

t 

Thorpe’s Reaction. A vo#y different reaction from tljb foregoing 
has already been referred to in the introduction to this chapter, namely 
one involving isomeric ehhnge between molecules or parts of a mole¬ 
cule, a reaction which has been introduced and elaborated by Thorpo 
and his co-workers. 2 To take a gimplo case, sodium cyauacclic ester 
combines with cyanacetic ester as follows: ! 

C.II,OOC.CII., 

| “1 llCNa(CN). cooair, 

CN .... 

C.JT-OOC. CII, 


>« 


C(: NIT). CNft(CN). eOO&II, 

A similar reaction tail's placo when a cyanogen group is rendered 
acidic by attachment*) a benzene nucleus : . 

C 0 lI a CN + 1I,C(CN). COOC.,11, - C i; lI-C(NII). CII(CN). COOGyi- 
Benzyl cyanide, which may bo substituted for the moleculo of cyan- 
acetic ester, condei, ics in presence of sodium ethoxido in a similar 


fashion: 


C c IT fl CN + IT,C(CN)C ti II,, = C tl II 5 C(NII)CII(CN)C (; lI, 


Those reactions serve admirably for preparing cyclic structures, 
provided two cyanogen groups are suitably situated within tlio 
molecule. 

41 

On heating an alcoholic solution of o-xytylene cyanide with a 
little # sofiiuin ethoxule, ring formation hi once* takes place, v Ttli the 
formation of a cyclopentano ring: 


1 Her., 1903, 30, 3674 ; 1905,*38, 709. 4 

* Trims. Chan. Soc.j 1901, 85,1736; 1906, 80. 1906 ; 1907, 01, 578. 1001 ; 1903, 
loo* 4 ^ I 
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cii 2 .cn 

CIL.CN 


Jind aS-dicyanovaloric ester (lotramethylenecyanide not being avail¬ 
able for the purpose) gave a corresponding compound. t 

CII 2 . CII 2 . CN Cir a . CII(CN) 

I ^ | Nc: Nil 

ch 2 .cii.cn • cif 2 .cn 
COOC 2 II,' cooc 2 it 5 

These compounds are readily hydrolysed by heating with dilute 
sulphuric acid, tlieU : Nil group exchanging Nil for oxygen. In the 
Kist example hydrolysis converts the cyanogen group into eari*oxyl, 
wlgcli along with that of the ester group is removed and cyclopen- 
tanono is formed. 


CII 2 .CIT(COOID 
^>C:NII 
CII 2 . Cir(COOlI) 


OIL.. OIL, 


CII 2 . CII 2 


•* 

yco 


Naphthalene derivatives have also been obtained by condensing 
benzyl cyauido with sodium eyanaeotic ester and then heating the 
product. 


CII, 


Clio 




/ 

CN 


CII. COOC,II 5 



jC: Nil 
Til. 


\/ . 

C:NII 


COOCoII, 


With concentrated sulpjmric acid tho latter passes into the di¬ 
amino-compound and, iinally, on hydrolysis of tin estor group and 
heating, into naphthylone-diamino. 1 

cri cii 




C.NIIj, 


\/\/ 

C. Nil, 


tv • 1x2 

JCH. COOC,II, 


/\/\ 


\/\, 


,c.nii 2 

311 


C. NH„ 
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Voss, Hamburg, 1902. * 

Die Metliudm dcr oryanischm Chemie, vol. ii, part i, by*Th. Wcyl. Thiomc, 
Leipzig, 191 1. 

II. UNION OF C&RBON AND NITROGEN 

Carbon-Nitrogen Chain Formation.. In order to understand tho 
processes underlying ring formation in heterocyclic compounds con¬ 
taining nitrogen, it is desirable to consider first the various reactions 
which dotormind tho simple linking of carbon and^nitrogen. - Com¬ 
pared with methods of union of carbon and carbon the number is 
nlucli more restricted and the attachment generally less stable. 

a 

Substitution Bfltethods. It is not always easy to differentiate 
between reactions olfected by replacement and by addition. 

1. For example, the action^of alkyl iodide on an amino or jmino 
group, which appears to. be one of simple substitution, cannot? bo 
explained in this way. .Nitrogen, being juore electronegalivo thin 
carbon, should attach hydrogen more firmly, nevertheless alkyl 
halides have no action on paraffins. But if we suppose an additive 
compound to bo first formed and hydrogen iodide then removed, the 
process becomes more intelligible. . ’ 

• CU, 


-Nil., + CIIjI -> —Nil, 


-NIIC1I, + III 


« 

Other reactions leading to , 4 Jje union of carbon and* nitrogen by 
replacement are : I 

2. The action of # «5id chlorides on amino- sud imino-compounds, 
giving amides. 

ff. The action of ammonia and amiuo compounds on esters with 
elimination of alcohol, and, in some cases, on acids with separation of 
water, giving amietbs. 

• 1. Tho action of amiiy>- or imino-compounds on. unsaturated 
alcohols (taufomeric diketones and kotonic esters). 

>C^((Tri) + IIN< -* )C—fa—N< + IT a O 

5. The action of aldehydes and ketones on amino-compounds and 
hydrazines, giving unsaturated compounds by removal of water. 

• ‘ >C0 + 1I 2 N— -* >(>: N— + II 2 0 

f>. Tho action of nilroso-compounds on the C1I 2 group cuilably 

situated. " * 

yCH a + ON— -» >€:N—+ HjjO 



ADDITIVE METHODS 


255 


Additive Methods. Among the methods are: 

1. *'Eeactions by direct addition of unsaturated compounds, as in the 
'formation of pyrazole from acetylone and diazomethane, 

CII CII 2 . CII=CIIv 

lit + /\ = I >ii 

CII N*--N CII=N / 

Acolyleno. Diazoniothnnc. Pyrazolo. 

2. Reactions involving intermolecular isomeric chango of tlio 

following genoral form: * 1 

* * NIL + CN — IIN. C : Nil 

1 ‘ 1 1 1 1 

*This reaction has been frequently applied in ring formation, as in 
the caso of amino-indole, which is prepared fftin o-amino benzyl 
cyanido in presence of alkalis ; 1 

- CIT a „ CII 

* I )c.NII a 

\A N/V 

NII a 0 Nil 

4 3. Another reaction of the same type is that of the union of 
a.saturated amino-compound with an unsaturatodacidic group. 

— N1L + )C :C< = Nil. C—Oil 

Piperidine combines with fumaric and other unsaturated esters. J 

, IIC.COOCJI 5 C,II J 0 N. lie. COOCJL, 

CjI.Iu)NH + 'll = | 

ire. eoocjir, n.,c . cooc a i i, 

4. Intramolecular change effected by Deckma.ill’s reaction (Part IT, 
p. 300), is one which has also boon used in ring formation. 1 ' The 
oxime of cyclopontanono gives piperidone, 


CII 2 —CII a 

OIL—C'L—CO 

I : NOH 

-> j 

CII a - CII a 

OJI a -CII a —Nil 

Cyelopentanuuo oxime. 

Piporitlono. 


Stability of Carbon-Nitrogen Chain Formation. The attach¬ 
ment of carbon and nitrogen such as occurs in the case of tlio amines 
and arajno compounds, in which both atoms a‘ro saifuratal with 

1 Psoljprr anil Iloppe, Her., 1910, 43, 581. 

2 Kulicmann, Trains. (In m, ,s'oc., 1S98, 73, 723. 

8 Kipping, /Vi-t. ('hem. Sue., 1K93?», 210; Walfacli, Aimaku, 1900, 312, 171: 
Bamberger, Jjgr. t 1894, 27, 1951, 2>95. i. 
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hydrogen or hydrocarbon radicals (forming the group CH 2 . NR 2 ) is 
about as stable as tho carbon-carbon union in paraflins. Tlifj most 
drastic treatment will rarely sever the carbon from tho nitrogen/ 
This condition is, however, greatly modified if the hydrogen of the 
CIIj group is replaced by oxygen. The basic character of the 
nitrogen is not only groatly weakoned, but the new group, CO. NR 2 , 
which is characteristic of the class of amides, is readily hydrolysed by 
alkalis, and the carbon and nitrogen separated, thoformor as carboxyl 
and the lattor as ammonia* or amine. This effect of oxygen in 
weakening tho attachment of the neighbouring atom seems to be 
common to all chain and ring formations. 

Tho union of unsaturated carbon and nitrogen (RC-N, RN:C, 
R a C:NI?) which occurs in such compounds as the cyanidos, iso- 
cyanMes, oximes, hydrazones, &c., is likewise readily severed by 
hydrolysis with acids. It may bo convenient hero to drew attention 
to the nature of the nitrogen-nitrogen combination occurring in carhou 
compounds. It appears at lirst sight somewhat remarkable that tho 
union of nitrogen with itself should be so much less stable than that 
of carbon. Carbon, it is true, js olecLrochemically more inert than 
nitrogen, which is tho more electronegative element; but it seems 
scarcely adequate for explaining the fact that a chain of at least sixty 
carbon atoms may exist in a stable condition in the case of tho 
parnllin hexacontane, 0,., ir i2 .., wh%t the longest chain of nitrogon 
atoms saturated with hydrogen or hydrocarbon radicals, so far pro¬ 
duced, contains only three nitrogen atoms. Tho substance in question 
was obtained with great diflic’dty by Thiele 1 by tho retWtion of the 
corresponding unsaturated triazono compound in the cold, but is of 
so unstablo a character that it decomposes above 0° and could not bo 
isolated in tho pure state. 

NIK NIK 

>C. Nil. N N. CONII, >C. Nil. Nil. Nil. CONII 2 

NIK • " NIK 

Tria/ene compound. Trinzano compound. 

Unsaturated rfilrogen chains are much more stable and maybe obtained 
with comparative ejisfi, containing two, three, four, and five atoms of 
nitrogen, as in the diazo- and tho diazoamino-compounds, R. N—N. 
Nil. R, the diazohydrazides, RN^N. N(R). NII 2 , the tetrazones 
R 2 N . N~N. NR 2 , and the bis-diazoamino-compounds, obtained by 
combining two molecules of a diazo-conlpound with one molecule of 
ammonia or amine, Ii. N="N. NIT. N—N. K. None are, however, 
very stable, and all readily decompose with acids or when heated, 

1 Annalcn, 1899, 305, 84, 
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giving off nitrogen, often with explosive violence. The longest 
unsiityrated chain 430 far obtained is tetraphenyloctazene, and contains 
"eight nitrogen atoms. 1 

C,H <V N : N. N(C (i II,). N : N: N(C I5 M,)N: N. C ti II r , 

'JVtniphonyloetazeiM'. 

• ^ * 

Only a very minute ipiantity was prepared, as it rapidly suffers 
decomposition. 

t 

Ring Formation. Ring formation seems* to be governed by the 
same-gsnoral principle which pnderlics that of the carbo-cyclie com- 
pounds, that is, the stability increases up to five and six-atom rings 
and is not seriously affected in such cases by the replacement of carbon 
by nitrogen at least to the extent of four atoms ; in fact, suisaturufed 
i*ingsystems of five atoms appear to increase in stability with increase 
in ^h£ numWr of nitrogen atoms up tft the above number. In con¬ 
sidering tho stability of ring structures containing one nilrogonalom 
it is interesting to follow the formation of the latter by the general 
method of heating the hydrochloride of the diamine, when ammonium 
chloride is removed and a saturated ring systom produced. Tefra- 
methylene-diamine hydrochloride, for example, gives pyrrolidine. 

• CIL. Oil,. Nil.,. 1101 . OIL -CII 2 


>NII + NII 4 C1 


Oil.,. CIT., *NII.,. IIC1 


CII 2 -OIL 


Tho same reaction t^kes place with pontamethylene-diamine. giving 
a six-atom ing ; but the higher homoiogues gb*e other products. The 
compound obtained by heating octomethylene-diamine and which was 
formerly supposed lc yield a nine-atom ring has been shown to bo 
butyl pyrrolidine. 

OIL -OIL 

I “ I 

OIL,. OIL,. Clio. OII 2 . on till., 

•* ■ \ / 

Nil 

Although the four-ring System, trimethyleno-imine, is produced by 
heating tho hydrochloride of trimethylene-diamine, its formation is 
accompanied by a variety of complex by-products, whilst tho corre¬ 
sponding ethylcne-imiffe cannot be prepared by this method. Thus 
the five.* ’.ml six-ring systems appear to be the most stable. * , 
Trimelhylene-imine is probably produced by heating bromethvl- 
amine with potash, when hydrogen bromide is removed and a compound, 

1 WuliJ^aml Sell iff, Her., 11)00, 33, 27-10. 


1*X. I 
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C.JT-N, formed ; nevertheless the substance belmvos in many respects 
like an unsaturatod compound, uniting with hydrogpn chloride, giving 
ehlorethylamino, and with sulphurous acid to form taurine. On the 
other hand, it may be arguod that ethylene oxide shows the same 
tendency to pass into an open-chain structure by addition, so that 
at present'no definite conclusion can.be reached. Marckwald 1 is 
inclined to adopt the ling formula on the ground that the product 
of the action e+‘ benzenesulphonic chloride is insoluble in alkalis and 
consequently the origi/ial nitrogen was present as an imino g”oup. 

A trimethylene-imine ring can be prepared from trinnjtliylcno 
bromide and toluene sulplionamidc. 


- BrCII, " CII 2 

CIL. CJ^SO.NIL + \dl 3 - CH,. C u II. 1 SO. s N<Q>ClI a + 2II15r 

lhCIIo ■ CHjji ’ 

From this, the toluene sulphonyl group may be removed by reducthn, 
leaving trimcthylene-imino in the form of a liquid boiling at (>:»° 
with a strong ammoniacal smell. Liko etliylene-imino it is very 
unstable and readily passes into an open chain by the action of acids. 


Carbon-Nitrogen Ring 'Formation. The various types of re¬ 
actions summarized in the foregoing paragraphs will explain * he 
greater number of processes applied to the formation of heterocyclic 
Ving systems, containing nitrogen. As tho synthesis of six-atom 
rings containing one nitrogen atom will he discussed later under 
alkaloids, tve shall illustrato the above reactions by ‘reference to 
five atom rings containing from oiie to four atoms of nitrogen.’ 
An attempt to extend tho study to other ring systems would occupy 
more space than the theoretical value derived from such a compre¬ 
hensive treatment of the subject would warrant. 

The system of nomenclature applied to these five-atom ring struc¬ 
tures is to indicato the number and position of tho nitrogen atoms 
in the first part of tho name, to which the sufiix -oh is then attached. 


«rnc -cii .1 
II II 

2TIC Cl 12 

X/ 

1N1I 


IIC -CII 

II II 

IIC N 

\/ 

Nil 


IIC CII 

II II 

N N 

\/ 

CII 


Pyrrolo. 


1.2 Dia/.olo. 


2.2' Diaznlo. 


1 r„ r., 1800,32. 2080. ^ .l 

8 An account i." 5-mcinbcrcd carbon-nitrogen rings is given by Ciamiciau. 
£m, 1901, 37. 4200. 
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lie -CII 

N—CII 

IIC—N 

* N—N 

IIC—N 

IT. il 

11 II 

II II 

II II 

II II 

N N 

IIC N 

IIC N 

IIU CII 

N N 

\/ 

\/ 

\/ 

\/ 

\/ 

Nil 

Nil 

Nil 

Nil 

Nil 

1.2.2' 

Triazolo. 

1.2.3' 

Triazolo. 

1.2.3 

• Tiia/.olr'. 

1.3.3' 
Triaznh'. 

Ti-tra/blc. 


The various reduction products are indicated by adding the termi¬ 
nation -ine to the name if two hydrogen atoms aro*added, and if 
four hydrogen atoms are introduced the termination -Ulinc is added, 
whilst the presence of a ketone group in tho ring is indicated by the 
sutlix - onr ,, &c. Thus pyrrole forms on reduction tho compounds 
pyrrolineand pyrrolidine, and if, in the last, two hydrogen atoms aro 
replaced by oxygen, tho product is called pyrrolidone. ’ 



II.,C—CII 




II.,O CII 

X/ 

NH 

Fyrrolinc. 


h.,c-cii, 

- l I • 

II.,c cu 2 

X/ 

Nil 

Pyrrolidine. 


II.,C - CO 


I1.,C CII., 

X/ - 

Nil 

3. ryrrolidono. 


Tho parent substances themselves exhibit for the most part weak 
basic characters, due no doubt to tho acidic character of tho umatu¬ 
rated nucleus, for the basicity is immediarely enhanced on reduction. 
"Whereas pyrrole is weakly basic as well as woakly acidic (tho 
hydrogen of tho NIJ group is replaceable by alkali metals as in 
phenol), pyrrolinc has all tho properties of a secondary base and 
pyrrolidine is* still nfore strongly basic, with an aiumoniacal smell 
resembling piperidine. * 

Among the methods used for obtaining members of tho pyrrolo 
series are : 

1. The action of ammonia on 1.4 dikcloncs which follows the 
course R R R 


I 

CII*—CO 
C1I 2 —CO 

• I 

1 

li 


CII - c. on 
tin = c.on 



I 

CII - C.OII 
CII - C.NI1 2 


R li 

R 



that is, the diketone isomerisos to tho tautomeric form. 

s 2 * 
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2 . The action of heat ort glutamic acid, 


en 2 -eii 
| ^NII 

cu, coon 


coon 


CII 2 -CII.COOII 
^>NII 
CIL—CO 


3. Succinimide, derived from succinic anhydride by the action of 
ammonia, may be regarded >',s a pyrrolidone, for it may be converted 
into pyrrolidine on reduction with sodium in aleolio'lic solution. 

*4. Pyrrolidine is also foimed by heating the hydrochloride of 
tetramelliylono diamine, or by removing hydrogen chloride from 
• r »-clilorobutyhunine. 


\ 


Nil i TT,c:i 


OIL. CII*. NIL OIL. CIL 

I “ -> I 

CIT 2 .CTT 2 . Cl ClI a .CII./ 

5. Pyrrolo itself is prepared by heating‘ammonium mucate, which 
is probably converted into the intermediate form, and then reacts 
with ammonia, at the same lime losing carbon dioxide and water. 1 

IIC—CII JIC—CII, 

II II Nil, l| II + SCO. + SILO , 

IIO.O C.OII * ->• IIC CII 

II... \/ 

no.oc co.oil • * nii 

^ • 

It should be pointed out that the stability of the ring is gieatly 

weakened by attaching oxygen to the carbon members of the 

ring. Succinimide, ^or example, is readily hydrolysed ami tho ring 

broken. But the non oxygenated derivatives are comparatively 

resistant to ring cleavage. It can, however, be effected if tho open 

chain is prevented from closing by tho presence of a reagent with 

which the compound can combine. Thus, the pyrrole ring can bo 

broken by alkalis in presence of liydroxylamine. Water is taken 

up, ammonia expelled, and the dialdehyde, thus produced, unites with 

the reagent, 1 

IIC—CII * ILC—CH„ * ILC-CIT., 

II II H ffll 2 0 - “| I “ 4 NIL —» “II - 

IIC CII OliC. Clio 1I0N: CII CII: NOII 

\/ ■: 

- Pyra/olo and its homologues have weak, but distinctly basic pro¬ 
perties, forming salts and double salts and behaving as secondary 
bases. ■ 

1 * Cinnuciun, JSer., 1904, 37, 4205. 



C A I? BON -NIT RO (JEN KING FORMATION 


2(51 


Its formation, and that of its numerous derivatives, may be 
^accomplished by afi extraordinary variety of synthetic methods. 

■1. A process of addition is illusl rated by a method corresponding 
Jo the formation of pyrazole from acetylene and diazomethnno 
already referred to (p. 204). Other acetylene and oletino derivatives 
may be substituted for acetylene, and diazoacetic ester for diazo- 
uiethane. Fuinaric ester unites with diazoacetic ester thus: 

CII.,0000*11, IIC. COOC.,11- C.,11,00* 3.0 - (3. COOCJl, 

/\ '+11 = II I! 

k --H iic.uooeji, n c. cooc.,u 

V' 

. Nil 

Whoro open-chain compounds combine by substitution, it is 
requisite that union takes place at two points. Combination, with 
siuyilfanooim elimination of halogen Sc id and water or alcohol, is 
illustrated by the following: 

Epichlorhydrin and hydrazine combine in presence of zinc chloride, 
ami at the same time hydrogen is eliminated and pyrazole is formed. 

cii., - cii. cii,ci no . cii —cii cit.,ci lie cii -cu* 


.o 


IIO . CII —Cii CITXl 

i- 

II,N - Nil, 
IIC -CII 

r ii 

-> N CII 

\/ 

Nil 


IlN- 


-N1I 


/J-Chlorobutyric acid and phenylhydrazino give 2-phenyl, 3-methyl, 
1 -pyrazolidone, which, on oxidation, gives tho corresponding pyra¬ 
zolone : 


cii,—cuci-cn* 

I 

coon 

•« 

C i; II ,. Nil—HNII, 


CII.,.CTI—CII 2 
' I I 

CJI-.N CO 

\/ 

Nil 

Phonylmctliyl 

pyrazolidono. 


CII,.C- CII 

' I I 

C (i II,.N CO 

' \/ 

NH 

Phenyl ino+hyl 
pyrazolone. 


/9-Todupropionic ester and phenylhydrazino react in a similar 
way. 

CIIJ-CII, . II,C—CIT, 

• I .’ll 


Nil., C00CJI-, 

• \ " 

\ 

NII.C.1I, 


II.N CO + 0 , 11,011 + 111 

\/ 


• N . C,;IT S 


• • • 0 

Substitution and mtnflnolecular isomeric change occurring together 
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are illustrated by the unioA of acrolein and acrylic acid with hydrazine 
and its derivatives: «■ • 


IIC—CIIO il,C-CII 

II — I' II ; 1 

II 2 0 NIL 1LC N 

/ - “V 

ILN Nil 


HO—CO. Oil IIjjC—CO 

II -* II- 

II 2 0 NIL II 2 C Nil 

• / \x 

H 2 N Nil 


But the m'ost prolific spurce of pyrazole compounds is that 
furnished by the method of Knorr, namely, the interaction *of 1.3 
dj ketones or ketonic esters with hydrazines. The most Vafniliar 
example is that of acetoacetic ester and plienylhydrazine : ‘ 


cn 3 .go.cii£ 

*' I 

NII 2 CO.OCJI-, 

\ii 

cjr, 


ch 3 .c-cii 2 


N CO 


\/ 

N 


+ C 2 H-OII + ii 2 o , 


If a 1.3 diketone is used in place of a ketonic ester two molecules 
of water are removed and no oxygen appears in the product. Acetyl 
acetone and hydrazine react thus: t 


CII a .CO.ClI a 

I 

NII 2 CO. CII, 

\ 

NII a 


CII,.CO. CII 

• ' II 

NI! a COII. CII, 
^NIL 


cir.. c —cii 
II II ■ 

N C.CII 



3 


2 .2' diazoles (glyoxalines, iminazoles) are stronger bases than 
the foregoing and form stable salts with acids. The common method 
for obtaining them is by the combined action of ammonia or amine 
and aldehyde on an ortho diketono: 


R—CO R-C-N\ 

| + OCR + 2NII a = || *VC.R + 3H a O 

R—CO J < R-C-NIK • 


Another method is by tho removal of a molecule of acid from 
a diacyl diamine: 

CIL-NII. COCA CH 2 —N\ ! 

* | =| ' yC. C U II 0 4 C c H 5 C60H 

. CII 2 —Nil. COCJL CII.—NIK 

Finally, the linking of a molecule of urea with chloracetal and 
removal of alcohol gives a diazolone. ' , 
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CHfOCjjII^a 

1 * + 

CII,C1 


NIL 




/ 

NIL 


CO 


C1I -N 

^>00 + 20 , 11,011 

cil-ni! 


on—Nir 

! \pi 


/ 


co 


on nii 


» Tho 1.2.2' triazoles (osotrinzolcs) aro mostly oils’ with an alkn- 
loiilal smell, and weak basic characters. At tho same time they are 
remarkably stable towards oxidising agents, the side-chains being oxi¬ 
dised like those of benzene derivatives to carboxyl. Nitro compounds 
and sulphonic acids can also be obtained by nitrutAm and sulphouation 
yi tho ordinary way, whereas, in tho case of pyrrole and pyvazolo 
deri\#itive^ special methods are reqmsitc. 1 v. Poclimann was the 
first to prepare them by a reaction which illustrates the greater 
stability of the five carbon over that of tho «ix-carbon ring. When an 
osazone is oxidised it is converted into a tetrazone, which, by tho 
action of dilute mineral acids, loses one nitrogen group as primary 
amine. 


It. C : N. NlIC b IIj 


It. 0 -N -N—O 0 IT- 


R. 0 : N. NIIC^H, 


R. O N—N -C U II, 


u,o *R0 —N x 


RO -N^ 


>N.C 0 II- J + C IJ II ;i NII a + O 


Tho free oxygen, which is liberated, acts upon and resinifios 
a portion of the material. 

A second method consists in removing, by means of acetic an¬ 
hydride or dilute alkali, the elcinonts of water from the liydrazoximu 
of a 1.2 diketone, 


It. 0^*N . NIIC i; H 5 


R. C=Nv 


Van, 

It. C —N. OIJ R. 0 

Till* 1.2. o' triazoles contain the atoms of tho ring in tho order 
—0—N—C—N— N— so that such combinations as tlio following 
might be anticipated ? 

t.' - CO Nil* . CO . 2. -CO . Nil. COO CJI- 


OH II a N % NII 


+ Nil.,. Nil— 


1 Indty- und l'yrrolgru^pe, by a Angeli. Ahrens’ Fotlriir/efd'JlH, 17, 312. 
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a. —CO. Nil, + CO 


4. - CO. Nil-C 

II 


5. 


ii.n— c 

. “ .ir 

-OC.IIN—N 


IIjjN—NJI II,N—N 

All these processes can be applied in one form or another, and ono 
illVpie will he given of each. 

1. Formic acid combines with phenylscmicarbazido: 

, II ,N CO N-CO 


II CO Nil 

/ / 

Oil N1L.C,JI- 


IIC nu 

\/ 

NC (i II 5 


2 . PlienylhydrazHie reacts with aeotylurethano: 


CIL.CO—Nil 

1 r 

II a N COOCJI, 

\ 

Nil. C U II- 


C1I..C-NII 

II I 

N CO 

\/ 

n.cv,it 5 


3. Fonnamido and formylhydrazido give triazole: 


NH., OCII 

I “+ I 
iieo Nil 

/ 

NIL, 


N- Oil 

, II II 

llC N 

\/ 

Nil 


i 2IL0 


4. The fourth and tilth reactions are illustrated by intramolecular 

N—C.COC1I, 


CII.. C N 


W • « J I, 


combination sis follows: ' * 

11N—C. CO. CH. 

I II * 

CII .CON 

/ 

IIN. C ( .II- 

• 5. Formylthiosemicarbazide gives, on heating,* lnercaplolriazolo, 
which, on oxidation with hydrogen peroxide, loses sulphur: 

II.,N—C. Sit N - C.SII * N -CII . 

-> II II -> II II 

JIC N 

\/ 

Nil 


1ICO N 

\ / 

* Nil 


IIC N 

\/ 

Nil 


An interesting example of intermolecular isomeric change #s that 
of the action of plienylcyanide on phctiylhydrazine, which occurs in 
several phases: 
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UN-+CN.CVII, 

\ II 

CJI.CN + NIL.. Nil. C..II-, = . C NIL 

\- 


• Nc.fr, 


c«h 5 .u 


IIN II M N.C.C u ir a 

II 

N 


C«II ft C 


N—G. G,;II-, 

II II 

N 


NC.1I. . 


\ 


NC (i II, 


J 2*. 3 triazoles belong mainly to the aromatic series in the form 
of azimidobcnzene aiul its derivatives: 

/V 


-N 

II 

\/\/ N 

Nfl 

Azimidohitiizcue. 

and few members of the single ring system, obtained by direct 
synthesis, are known Like the foregoing, they are very stable, and 
may bo obtained indirectly by oxidising and removing the benzene 
nucleus. Thus, a/imidohenzene on oxidation gives the triazole diear- 
boxylic acid, from which carbon dioxide may be removed: 


—N 

Jl 

\/ N 

Nir 


IIQQC. C—N 

II II 

IIOOC.O N 


\ s s 

Nil 


IlC N • 

"* II II 

IIC N 

\/ 

Nil 

As azimidobenzeno and its derivatives are readily prepared by 
a variety of methods, the formation of single-ring compounds affords 
no difficulty. The union of acetylene dicarboxylic ester with diazo- 
benzolimide is an interesting modification of the pyrazole synthesis 
described on p. 204. 

N=N •• C. COOC.IL N—C.COOC..IL 

V 4 +111 * — II II 

NC,.II- C.COOCJI-, N C.COOCJI- 

NC.Ha 

Diazobenzolimide also condenses with ketones, 1 .3 diketones, and 

kctonic esters. 1 * . 

*, * * 


k^n -on, ^ “r-i£ 0II)R 


\X + 

N. C„II 5 


cg.r o 


IIN. C., 11 , 


N f —.C-- 

N. O.U. 
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Diazoacetamide, whon warmed with alkali, is converted into tri- 
azolane: • * 


fill'—CO 

/\ 1 . 

N—N • Nil, • 


N—OIL 

II I 

N CO 

\/ 


• Nil 


The 1.3.3' triazoles, the fourth "roup of isomers, may be prepared 
from plienylthfosemicurbazulc, C (| 1I-NII. CS. Nil. Nil , On treat¬ 
ment with an acid chloride (benzoyl or acetyl chloride), the change 
occurs as follows: • 


N—NH 

II I 

IIS.C OC.C c IT, 
Nil. COT, 


N—N 

II II 

IIS.C C.C (; II, 

\/ 

* N.C t! II 5 


N—N 


lie C.CJI^ 

• Y'.cju, 


The sulphur can then be removed by oxidat ion. 

Diphenylthiosemicavbazide and carbonyl chloride can also bo con¬ 
verted into a Iriazole derivative: 


N—NIlC tl lI r , 


N- N, C 0 II 5 


IIS.C!^ +01.^) IIS.C 11 )CO +2IIC1 

niic„h 5 ■ KU,ir, 

* • 

{ A reaction, which illustrates tlio greater stability of a five atom 
compared with a six-atom ring, is the conversion of bis-diazoacijtic acid 
by treatment with strong causfo potash into a triazole derivative: 


00 * 11 . c 


.N- N v N-N 

\ . >-00,11 — J || 

Nil Nil C0 a TT .0 C . COjjTI 

v' 

n.nit 2 

4 Tetrazole should be represented by two isomeric compounds. 


N-CII 

N—N 

II II 

11 II 

N N 

IIC N 

\X 

\/ 

Nil 

Nil 

1 .3. 2'. 3 'IVtrazolot 

1 .2.3. & Tetrazole. 


As # a matter of experience, only one* (the first of tlie alTove) is 
known. It is, in short, a case similar to that of inethylpyrazol o 
(Part II, p. U2S), or of tlu single ortho compound in tlie benzene 
series. 
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The tetrdzoles are remarkably stable f ubstances. Oxidation will 
destroy a side-chain, but leavos the tetrazole nucleus intact. Moreover, 
tetrazolos are characterised by acidic properties, in which the 
• hydrogen of the NH group is replaceable by metals. 

There are numerous methods by which the tetrazolos have 4 been 
prepared, among which the following are included: 

Bladin, who prepared cyauamidrazonc by the action of cyanogen 
on phenylhydrazine, obtained the ilrsfc tetrazole compound by acting 
on tin? former vith nitrous acid: * 


(CN)C—Nil., • 

II o 

• N N 

\ I 

Nil Oil 


(CN)O—N 


N N 

N/ 

N 





* Hydrolysis converts the cyanogen grouf> into carboxyl, and oxida¬ 
tion has tlio samo effect on the phenyl group. On splitting off 
carbon dioxide, tetrazole itself is formed as a solid, melting at 166'. 
•Benzylidene amidine is converted by nitrous acid into the diazo¬ 
nit rosamine, which passes on reduction into 6-phenyl tetrazole: 


0 U 1I,,C—Nil, 

'll 

Nil 


c 0 ir,.c-N 

■II!' 

N NOR 

I 

NO 


C |; TI,(J. -N 


II II 

N N 

V 

Nil 


'. Hydrazides behave liko the amidines with nitrous acid 


C 6 1I,C—NIT, O 0 H,.C—N 

'll "O ' || || 

N N N N + 211,0 

\ I \/ 

nti 2 oii nii 

a, 

A'minoguanidine, inasmuch as it resembles a hydrazido, undergoes 
a similar change, and gives amiuotetrazolo. 

The action of nitrous acid on the nitrate of the base gives a diazo¬ 
compound, which changes into the ring compound. 1 


IINO a . NII 2 . C—Nii IINOj. Nil,. C 


-N 


Nil Nil, 


/\ 

Nil N--N 


Nil,. C—Nil 

: ii i 

N N 

\/ 

N 


Thiele, Annalen, 1892p 270, 1*; ilantzsch anil Vogt, Annalm, 1901, 314, 339. 
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Til tlio same way phcnylthiosemicarbazide may be used, and llio 
sulphur subsequently removed by oxidation : • . 

ITN— Nlljj 0* N-N N-N 

I II • • II II II II 

SC IIO—N -* 118. 0 N -> IIO.C N 


Nii.cjr^ 


\/ • 

n . c, ii. 


\/ 

N.C U II S 


Ilydroxytotrgzolo 1ms been obtained by tlio action ol' sodium 
fulminate on azoimide. *• * 


UN 

N 


c 

• N 

— 

\ + 1 

= 


A n . on 

N 





,CIT 
N .Oil 


N 


N 


Six membered rings contaiying nitrogen are dealt \yilh under 
Alkaloids (this volume, Part III). 

* Kkfkkkncks. *' 

I lie he! i rocykUst hen Verhhiilnngen, l>y E. Wrdokiiid: Veil, Leipzig, 1901. 

The Onjuiiic Chemist) y of Xilivyui, by N. V. Sidgwick. Clai'riulou Pross, Oxford, 
1910. 

III. UNIOX Of CAMION AND OXYGEN 

• 

Carbon-Oxygen Chain Formation. Chain formation between 
carbon and oxygen, in wliiph both atnyis are saturated with hydrogen, 
is represented by the alcohols anil ethers. In the latter only can 
th'e union be regarded as a stablo one, and the stability is greatly 
diminished, as in the caso of the,<;nrbon-nilrogen linkage, by r replacing 
the hydrogen of the adjoining carbon by oxygen. The esters, and 
still more the anhydrides, thus formed, are easily hydrolysed. 

cit.,-0 cii/ co—o-eir, ' co—o-co 

I i I I “ • 

Ether group Ester group Anhydride group 

(stable), (less stable . (least stable,'. 

Union between oxygen and oxygen is even less stable than between 
nitrogen atoms, as seen in the peroxides and ozotildes (p* 119), which 
decompose with explosive force. As only peioxidcs of acid radicals 
are known, it is impossible to say whether those with hydrocarbon 
radicals would exhibit greater stability. 

f 

Carbon-Oxygen JEling Formation. When ^vo apply tlieso^ prin¬ 
ciples,^ ring formation we find, as before, that they aro not the 
only factors in determining tho stability of tho system, but tlujt it is 

1 I’alazzo and Marngna, Clum. A Is., 1913, i. 300. 
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also largely influenced by tho number of.atoms composing the ring. 
Etltylene oxide a low-boiling liquid, which was lirst obtained by 
removing hydrogen chloride by means of ^ilkali from ethylene 
> chlorhydrin; but it is extremely unstable, exhibiting in various 
’ ways a tendency to cleavage at tho carbon-oxygen link, and to pass 
into an open-chain compound. The number of representatives 
of four-atom rings containing oxygen in tho ring is very small. 
Trimethylene oxido has been prepared, and is a liquid boiling at 
50°; but few of its derivatives are known. On the other hand, live- 
atom i'ings containing one atom of oxygen are comparatively stable, 
jnd comprise a very large number of compounds, termed furfiu.mo 
derivatives. Tlynigh tetramethylene oxide, or totrahydrofurfurano, 
has been prepared, tho furfurano derivatives aVo for the most part 
Minsaturatod, furl'urane, the parent substance, having the formula, 


110—C FI 

II II 
no on 

\/ 

o 

Fulfil i Vi no. 


, The scarcity ol l saturated ling compounds of this type would 
appear to indicate that they are nut readily formed, and it is 
significant that among nitrogen ring compounds unsaluraiion has 
a distinct tendency in tho direction of increasing tho stability of 
tho system. 

There are various ways in which furfurano compounds arc obtained. 
The oldest method is to distil carbohydrates with dilute sulphuric 
acid, which produce j furfuraldehyile. The same compound is ob¬ 
tained by distilling a pentose with hydrochloric acid (Part ITT, p. 181. 


jilt). 
I II 


iio— cn. on: 

I l 

HO O.TI.OIIOUO 

\.. •: i i 

on 


Poll to. .fi. 


HO-011 

II II 

no o.ciio 

\y 

o 

Ftirfuraldcdiyd ■. 


It is a colourless liquid with an ompyreunnitic smell, and boils at 
1(52 . It has all the characteristic properties of an aromatic aldehyde, 
yielding an acid, pyromucic acid, on oxidation, a**d an alcohol, 
furfuryl alcohol, on reduction. The former, on distillation wit^i limo 
or baryta, yields furfurane. 
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HC—CH •• IIC—CH 

II II . — II II .+ CO a 

IIC C.COOII IIC CII 

\7 V" 

o o . 

Pyromueic acid. Furfurane. 

Pyromucic acid is also obtained, as its name implies, by distilling 
niiicic acid (Part III, p. 29). 


H 


IIO.HC-CH/OH 

.i i I 

OOC IIC C /H.OII . COOH* 


IIC—CII 

ii ii 

IIC C.COOH 


O' 

Pyromucic acid. 


m.. 

r Mucic acid. 

r * 4 

Certain 1.4 diketonos, which can react in the enol fority alspggivo 
fu rfurane derivatives: 


CII.. -CII 2 

I “ l 

R. CO CO. R 


* CH-CII * 

II II 

R.C C.R 


IIC—CII 

II II 

R.C C.R 

\/ 

. O 


Oil IIO 

Thus, acelonylacetoacetic oster ipid diacetosuccinic ester give 
respectively the estors of pyrotritaric and carbopyrotrilaric acids: 

HO-C.COOR 

II II 

CII 3 .C C.CIL 

I I * 


IIC--/J. COOR 


• i 


OH IIO 

A cotonylaectoajjelic rst or. 

ROOC.C— C.COOR 

II II 

CH a . 0 C.CII, 

I I 

OH HO 


CIJ .,0 • C. CH.. 

' \ / 

6 

Pyrotritaric osior. 


ROOC.C—C.COOR 

II II 

CII3.0 C.CII 3 

o . 

Carhopyrulritaric osior. 


Among the derivatives of totraliydrofurfurane containing oxygen 
in place of carbon may bo inclndod tho lactones of y-hydroxy acids 
and anhydrides of tho succinic-acid series, t 
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ILC—CH, 
oi CII, 


O 

7-Butyrolnctono. 


II.,C—CII a 

“l ! 

OC CO 

V 

o 

Succinic anhydride. 


both of which aro easily hydrolysed. 

A compound isomeric with succinic anhydride is the lactone of 
yhydioxyacetoacotic acid or totronic acid, which behaves in many 
ways like a 1. if dikotone. 

•II..C-CO 


OC CII,, 

\/ 

O 

Tctronic jeid. 

, As.iu the five-atom ring systems, the commonest and most stable 
representatives of six-atom rings containing oxygon are unsaturated. 
Substances such as pontamethyleno oxide, 8-valerulactone, and glutaric 
anhydride aro known, but the num'w is small, and they aro readily 
converted into opr n-chain compounds. On the other hand, those 
derived from of- and y-pyrone are numerous and comparatively stable. 
A s they aro frequently mot with among natural products, thoy 
possess a special interest: •“ t 


CII 

r«ii C /Xcn 

CO 

ncv/Zcii 

OC^CH 

0 

na .'cn 

•V 

a-Pyrone. 

7-Pyrone. 


A further source of interest lies in the fact that by tho .action of 
ammonia they rowdily exchange the oxygen of the ring for Nil, and 
thus pass infco pyridones or derivatives of pyridine. ® 


cii 

• CII 

CO 

CO 

Njn Nllj 

iic^ n CII 

lie/ >, CII 

N.r, nc x on 

OC x CII 

t)C\ /CII 

! ij 

IICs ;CH 

.IICv ,CII 

u 

NH 

0 

• NJI 

n-Pjrono. 

a-Pyritlone. 

7-Pyrone. 

7-Pyritlono. 


Among the natural source! of the simpler pyrone compounds is 
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opium, which contains meconic acid, which on heating*passes into 
comcnic acid and pvromeconic acid: 

CO CO 

Iic/\c . OIT 1IC,/\C . OH 


COOH.C^C.COOH 

O 

Aloconic acid. 


COOII.C^J'CII 

o 

Comenic acid. 


ii(vr >0.011 


IIG\ JCll 


Pyromeeoniu acid. 

Anolher natural source is the greater celandine (cJiclitloniinn majns). 
which contains an alkaloid combined with chelidonic acid ory-pyrono 
dicarboxyl ic acid. On heating, it loses carbon dioxide and forms 
comauic acid: 

CO CO 


lie, >,CII 


lie, >CII 


COOII.U^ “C.COOII 

o 

Chelidonic acid. 


lie ^13. COOH 
O • 

Cotnanic acid. 


Chelidonic acid lias been piepared synthetically by rjndensing 
acetone with oxalic ester by means of sodium methoxido. Tlio 
alcoholic solution yields, on boiling, chelidonic ester: 


liOOC. COO It 


CII.,. CO. COOK 


CO + 


OIL, ROOC. COOR C Il 2 . CO. COOK 

CII—3(011). COOK CJI-=C. COOR 


CO O 


i i i 

cii—c(oij). coon 011=0. coon 

Coumab'nic acid was obtained by v. Pechiuai.n by warming malic 
acid with strong sulphuric acid, which removes water and carbon 
monoxide. Condensation may bo represented as taking place oy the 
union of the uustable intermediate product, formylacetic acid or its 
tautomeric form. 
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CHOH. COOII 


cn a 

COOII 


CII.OH IIC. COOII 

II li¬ 

en CII 

I I* 

OC.OII IIO 

Porinylacctie acid. 


CH 

nc.^\c. COOII 

i 


oa 


CII 


o 

Malic acid. Porinylacctie acid. Coumalinic acid. 

a-Pyrono carboxylic acid. 

Dimethylcoumalinic acid (isodehydracotic acid) is another pyrono 

derivative, wliicjh is prepared by the ’action of sulphuric acid on 

asetoaoetic ester and in other ways: 

Cli 3 Cii 3 


C* Oil 

✓ 

lie lie. COOR 

1 11 

oc.or e.cn. 

/ *' 

HO 


IIC 


e 


oci 


\ / 

• 6 


C. COOK 
! C.CII, 


Dehydracotie acid was first obtained by Goutlier from the residues 
from tho preparation and distillation of acotoncotic ester, and is 
formed by heating acetoacetic ester alone or with acetic anhydride. 
Its structure has been tho subject of much discussion, and the 
following alternative formulae* havo been proposed by Feist and 

CO 

cii*. cc. nc/\cn 


00 


iie/Ncii, 


'V 

o 

Feist’s forniulii 


C.CII., 


CII, . CO. Clio. o^yco 

o 

Collie’s formula. 


Ono of tho most interesting of the pyrones is tho dimethyl deriva¬ 
tive obtained by heating deliydracotic acid under pressure and then 
dehydrating over*Sulphuric acid. It has also been prepared by th« 
action of carbonyl chloride on tho copper compound of acetoacetic 
ester and hydrolysis of tho resulting ostor: 

ROOtJ. CII IIC . COOR ROOC . C-CO-C. COOR 


CH a . CO—Cu—OC! CII 3 
. -l COCL 

“CO 

KOOC.c/^C.pOOR 

qaj^c.pn, • 
o 


ciij.c.on no.c.cn 3 

CO * 
IIC,//CII 


—» 


l I 

nr r>, 

• \/ 

O 


CII 3 C 


C.CIIq 


it. 1 
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It forms well-defined salts with mineral acids, the latter combining 
with tho cyclic oxygen atom, which acts as a quadrivalent atom.. 

Among the more complex of the pyronos are those in which tho 
pyrone is fused with a benzero nucleus, in the form of bcnzo- and! 
dibonzo-y-pyrone compounds, which may be regarded as the parent 



Bcnzopyrono Dibonzopyrono 

(coiunarin). (xnnthono). 


substances of a huge and interesting variety of natural colouring 
mattois belonging to the clirysin family, the structure of which ha" 
been determined in the majority of cases by synthesis. A study of 
these compounds is beyond tho scope of the present chapter. 

Cyclic compounds silicon, phosphorus, arsenic antimony, bismuth 
lead and tin forming one of the links in tho ring have been obtained 
by Bygden 1 and by GriUtner and his collaborators.- Tho process 
consists in acting upon pontamothylene magnesium dihromido with 
the halogen derivative of tho reacting element, iliiis : 


Clk 


/ 


*\ 


Clio. CIIoMgBr 
Clio. CTLMgBr 


d-SiCI^ — Clio 


/ 


CIL. CU., 




Clio. Clio 




SiCl, + 2Mg/ 


Cl 


Br 


.CXI.,. CIIoMgBr Ck 
and OH./ + > 

“ X CIIo . CII.MgBr CK 


+ >1^115 


.C1I 2 . CHo\ .Cl 

= CIk< ‘ v >PC tt lI, + 2Mg< 

XJIL,. CII./ \Br 


Reference. 

JDk hiterociiMifiehm Veihhnhnigen, by l'l. Wudokiml. Veit, T ipzig, 1901. 


» Bo., 1915, 48, 1250. 


3 Jkr., 1913, 48, 1173 ; 1917, £0, 1549. 



CHAPTER IV 


DYNAMICS OP ORGANIC REACTIONS 

o • 

Of tiie various means wh\ph have been employed to obtain in* 
fiyrmation in regard to tho mechanism of organic reactions, ono of 
the most important is that afforded by a stud^ of tho velocity of 
change, and of tho way in which this velocity is modified by 
Variations in the conditions under which a given reaction occurs. 
In tlfe oarTy study of chemical dynafnics, chief interest centred in 
the discovery of simple reactions, which, by reason of their freedom 
from any disturbing complications, might Le made use of in testing 
the applicability of the law of mass action to account for the observed 
course of tho change. Now, however, that tho mass law, under 
given conditions w»th respect to temperature and the nature of tho 
reaction medium, has been definitely e stablished as tho factor which 
determines the course of a given cfiange, the main object of a dynamical 
investigation lies in tho informaWftn which it affords in regard to the 
mechanism by whidi the final products of a reaction are produce' 1 
from tin? original substances. 

r > • 

*. LAW OF MARS aCTION 

Historical. That chemical change is not entirely determined by 
tho operation of specific chemical affinities appeals to have first been 
recognized by Wenzel* (1777), who, from his observations on tho rate 
of solution of metals in acids, arrived at the conclusion that the rate of 
chemical action i^proportional to tho concentration of the substance.*^ 
entering into*the reaction. A similar view was put forward by Her- 
thollet in his Essai <lc Statiqtie Chimique (l SOM). Tho fact that Ik i thollet's 
views,‘supported as they were by experimental evidenco of a convincing 
kind, had but litth' influence on tho trend of chemical theory at this 
period was doubtless dfto in large moasuro to the erroneous conclusion 
which h®, drew in regaVd to the influence of mass o*n tho composition 
of chemical compounds. The proof that such composition is quito 
independent of the quantities of the reacting substances tended 4 to 

. ULehre von dir chemisclun Vorwandtschaft dcr Kiirfli, 1777. 
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bring llie whole doctrine of mass action into disrepute, and for ipany 
years no furthor progress was made in the direction indicated by, 
Berthollet’s researches. * 

In tho fifties Rose 1 and MaDaguti 2 called attention to phenomena, 
whfbh undoubtedly indicated the important part played by the 
quantities of the reacting substances in chemical change, but no 
generalization of any importance was drawn by these observers. 
About the same time, Wilhelmy s studied the inversion of sucrose 
under tho influence of acids, and arrived at the conclusion that the 
rjjte of transformation of the sucrose iff at overy moment proportional 
to its concentration. Tho agreement of the experimental data wftli 
the values, calculated from the equation which Wilhelmy deduced on 
the .basis t/f the above proportionality, represents the first definito 
proof of the operation of mass in a chemical reaction Recording to 
a quantitative law (Part III, chap. 96). 

Somewhat later, Berthplot and St. Cilles/ in a detailed study-, of 
tho formation and decomposition of the ostors, showed that the 
relative masses of the various substances involved detoi-mined the 
direction of the chan go. Whether change occurs in accordance with 
the upper or lower arrows in tho formula 


C,U,OTI + CTT : ,. Ct),H (-IT;,. co,c,ir, + II 2 0 


depends, at a given temperature/ 1 on the relative quantities of-the 
(four substances concerned. ‘ 

The part played by quantity or the modo of operation,of mass 
in chemical change jyns firs*. •enunciated, however, in'(he form of 
a generalized statement by Culdberg and Waago r * in 1867. .If 
A and B represent two substances which are decomposed into A' 
and B', and it is assumed that under the same conditions A' and B f 
can react to form A and /?, then, under the influence of the chemical 
affinities and the active masses of the reacting substances, a state of 
equilibrium will be reached which can be represented in the follow¬ 
ing manner. If the actiyp masses of A, B , A' and B' bo denoted by 
p, g, p and <{ respectively, and tho affinity coefficients of the reactions 
A I 7>— >A'-\ B' and A' -I B’ —> A -f B are represented by. k .and k\ 
then in tho condition of equilibrium Jcpq — lep'q' or k'k' — p'q’/pq = 
constant. From experiments in which barium sulphate was ti'eated 
with djflerenlly Concentrated solutions of potassium carbopato, or 


1 Ann. Physik, 1855, 04, 4S1; 1855. 05, 9G, 284, 42G. 

* Ann. Chim. Phys., 1857 (8\ 51, 328. 

a A nn. Physik, 1850, 81, 413; Ontwald’h A’ lassikrr, No. 29. 

* Ann. Chim. phys., 1862 (3), 05, 885 ; U’02 (3), 00, 5; 18G3 (.3), 08, 225. 

s Ostwftld’a Klarsiker. No. 104. < 1 
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with solutions containing both potassium carbonate and sulphate, it 
was*shown that the equilibrium condition in the reversible change 
•BaS0 4 -i KjjCO tl BaCO ; , -t K 2 S0 4 is in agreennyit with the require- 
# meifts of this theory. In the equilibrium slate, the opposing reactions 
''are exactly balanced, and tho velocities of t\Vo opposed reactions are 
accordingly measured by kptj and Ic'p'q respectively. In other wefrds, 
tho rate of progress of a change in which several substances react 
together is determined by a specific constant and by tho product of 
the active masses of tho reacting substances. 

In the further development of this idea, a certain amount of con¬ 
fusion arose in connection wifh the question whether tho mass eftWt 
is solely dependent on the number of tho reacting substances or on the 
number of the molecules of those substances wfcieh are involved in 


the actual molecular interchange. 


Kinetic considerations indicate 


that {lie latter view is the correct ono^and thermodynamical reason¬ 
ing leads to tlio same result. 


Unimolecular Non-reversible Reactions. From the molecular 


kinetic standpoint, the simplest chemical changes am those in which 
the product or products of a reaction are directly formed as a result ot 
the transformation of the individual molecules of tho original sub- 
stance. Such changes, which aje not ^1° pen do lit on the interaction 
of two or more molecules, are solely dt Aim i ned by tho Jaw of 

Q • , 

probability. It is ^obvious that reactions which belong to this class 
are necessarily limited to certain types. Amongst them wo iin.1 
changes in which complex molecules are decomposed into simpler 
.molecules and those in which intramoleculal' rearrangements are 
involved. Although no reaction may In said to bo absolutely irre¬ 
versible*, those whLh belong to this group arc characterized by tho 
absonco of any appreciable tendency on the part of the product or 
products of the reaction to react with tho formation of tho original 
substance. 


From the fact that a unimolecular change is not dependent on thg 
interaction of two or moro molecules, and therefore of the approach 
of such molecules witlifn the range of intormolccular inflin non, it is 
evident that tho speed of a unimolecular cliango is entirely in¬ 
dependent of tho spatial distribution of tho molecules, that is to say, 
of tho volume occupied by a given quantity of tho substance. Close 
packiiP ri °of tho molecules, \yhich, in all cases where intcnftolecular 
actions are concerned, is conducive to increased speed of reaction, 
has no influence on the velocity of a unimolecular change. * 

If a represents tho original quantity of a substance per unit of 
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volume, (a - sc) the quantity present after time t, then at this moment 
the velocity of the unimolecular change is given by 

' dx/ilt — Tc x (« — x) (1) 
which yields on integration h 

• < 2 > 


Throughout,the course of the reaction, the expression on tho right 
side of the equation (2) must remain constant, and k x , which, is the 
so-called velocity coefficient, is solely determined by the specific 
clhiractor of the reaction, provided that tho tompevature and tlje 
nature of tho modiuni, in which the change occurs,, are prescribed. 

From equation fl) it is evident that tho velocity coefficient re* 
presents tho quantity of the original substance which would be 
transformed in unit time, if throughout this period of time the con¬ 
centration were maintained constant and equal to unity. 

If tho integrated lbrm'bf the equation fs considered, it is further 
obvious that the time required for tho transformation of a given 
fraction (1/ii) of the original substance is independent of the initial 
concentration, for «/(«-- x) — n/(n- 1), and equation (1) may there- 
fore be written in tho form , 


*1 . n 

. t - , In q 

' *i . li ~ 1 

f: • 

t It is also clear that the valuo of the velocity coefficient of the uni¬ 
molecular change is not in any way influenced l>y tho particular unit 
in terms of which the,conceitirr.lion is expressed. 1 •> 


Velocity of Intramolecular Rearrangement in Halogeii 
Acetanilides. This intramolecular change affords an example of 
a unimolecular lion-reversible reaction. In presence of hydrogen 
chloride, acetylehloroanilide, for example, is gradually transformed 
into p-chloroacelanilide in accordance with the formula (Part II, 
p. 371) 1 


f 


r 


CH 

Ilc/^jCII 

uJ\ L C i ^ 

MJO. CXI, 


CCl 

ifq/NcH 

>J° n 


lie: 


II 


c.n/ 

* \CO.G fi. 


The rate of progress of the change can bo readily followed by 
removing samples and adding them t« excess of a potassium iodide 
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solution and titration of the liberated iodine. This iodine corresponds 
with the undecomposed acetylchioroanilule present, for the p-chloro* 
acetanilide is witliout action on the iAdide. The following data were 
obtained in 20 % acetic acid solution at 25°. 


• 

t (hours) 

a — a: (in c.c. of standard 

k 

0 

, NiijSjOj solution ) 

49.3 


1 

35.(5 

0-131) 

2 

2.»-7.» 

O.140 
0-110 

it 

IS-5 

' 4 

138 * 

0>13S 

<; 

7 

0-13S 

8 

1-8 

0.131) 


As the numbors»in the third column indicate, the progress of the 
reaction can bo satisfactorily accounted l'or on the assumption that 

“tho reaction is unimolccular, or of the first order. 1 ' * 

• « 

Polymolecular Non-reversible Reactions. In contrast with 
Changes of the first ordef, tho speed of a inaction, which involves tho 
interaction of two or more molecules, increases as tho volume con¬ 
taining a given quantity of the original substance or substances 
decreases. Such diminution in volume is accompanied by an increase 
Jn tho frequency with which tlio molecules outer into collision or 
come within the range at wluch interaction between tho several 
molecules becomes possible, t^his concentration effect, which be¬ 
comes more pronounced ns the order of the reaction increases, finds 
adequate expression in the equation which is obtained when the I.'.w 
of mass action is applied to a reaction of tho second or higher order. 

In the many reactions which belong to this group, the molecules 
actually involved in the change may Le all identical, or in pari so, or 
they may all be lilforent. So far as tlio dynamical course of tlio 
reaction is concerned, the nature of tho reacting molecules is, how¬ 
ever, of no importance, tho progress of the ebango during successive 
time intervals being solely determined by tho number of the mole¬ 
cules involved m tlio actual process of molecular interchange. t 

Bimolecular Reactions. Changes belonging to tho polymolecular 
lion-reversible group are of tho most varied nature, and include poly¬ 
merisation phenomena, synthetic reactions, doublo decompositions, 
isomeric changes, He. As a first example, wo may consider the 
saponification of esters by the alkali hydroxides. *In tjie caso of 

1 In view of tin- observations of Orton it would appear that tlio intramolecular 
climifjo of tho chloroamino involves two stages and is tliercfnro a composite re¬ 
action ; cf. Orton and kin<.\ 7V«*s. Chrm. So c., 11)11, 00, 1301) ; also Oilon and 
Jpnes, Trays. Clictn. Sac., 11)01), qs, 1150. v 



280’ 


•r I)VNAMICS of organic reactions , 


a simple ester (that is, the ester of a'monobasic acid) 't*he reaction 
js bimolocular, two molecilles being involved, as indicated by f the 
ordinary chemical equation • * 

CII 3 . CO,C 2 H, -i- NaOlI = CII,. CO,Na + C 2 II,OII * 

. e 


The saponification proceeds at a rate which can be* conveniently 
measured at temperatures between 0° and 25° if dilute solutions are 
employed. If the original solution contains a grm.-moJs. (mols) of 
ester and b mob’ of hydroxide per unit volumo, and if x mols of ester 
have been saponified after til'llo t, the concentrations of the reacting 
substances at this moment will bo (i-x and b~x respectively. 
According to the mass law, the speed of the change will bo given by 


C 


f 


m dx/dt — (a - x) (6 - .r) 
and tips, on ihtegration becomes 


1 «• b(a-x) 

k> = v-7—. In - - • 

“ {a-b)t a(b-x) ( 

* *■ 

In the following table are given the data obtained by Roicher 1 for 
the saponification of ethyl acetate at 15-8°, tho alkali being present 
in excess (b > a) in tho ono experiment, whilst the ester predominated, 
in the second (a>b). Tho quantities of saponified ester (x) are ex¬ 
pressed in terms of the standard acid solution which was used in 
following the progress of the change. * 


Excess of alkali hydroxide. Excess •*/ ester. 


t ( minutes ) 

X 

l ,m 2 

1 ( niiuuUsj 

X 


0 

0 

— 

O 

. o 

_► 

3.74 

7-76 

»-»7 , , 

257 

8-23 

1 .3-15 

0.20 

11.40 < 

3-is 

503 

1309 

3-16 

10.18 

15-81 

3-43 

i -3<> 

17.97 

3.45 

13.00 

18-22 

3-41 

9.57 

20.93 

3-41 

GO 

29.03 

— 

CO 

21.12 

— 


If the reacting substances are present in equivalent proportions 
(a = b), the rate of change at time t is given by 

dx/dt — k t (a - a) 2 

from which 1 x 

■ ^ l a (a - x) 

That this is in agreement with the actual course of saponification 
under these conditions is shown by the following data for an experi¬ 
ment at 24-7° it ith absolution in which the concentrations of bojjvester 
and alkali hydroxide wore 0-025 mol per litre. 2 

. 1 A nmtkn, 1885, 228, 257 ; 1880, 232, 103 ; 1887, 238, 270. 

* Arrlu-iiius, Zeit. jdijs. them., 1887/1, 110. 
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t (infantes) a—x (in c.c. qfstaiuhml 



arid) 


0 

8.0 i 

-- 

4 

5-30 * 

0.0159 

0 

•|.5S 

* 0.0157 

8 

l 

0.0101 

10 

351* 

0.0100 

15? 

3-12 

0.0103 

15 

2.74 

00100 

20 

2-22 

0-0103 


Saponification experiments with different bases lia/e shown that 
the reaetion only proceeds in accordance with the above equations in 
the of the strong bases, tjiat is to say, those which are almost 
completely ionised in dilute solution. With weak bases the rate of 
saponification falls off very much more quickly than would bo ant ici- 
pated* on the assumption that the velocity is at every njomont pro¬ 
portional to tho product of the concentrations of tho ester and the 
base. * Tf, liowever, wo assume that tfco active mass of the baso is 
represented by that portion which is ionised, in other words, that 
saponification is duo to tlio hydroxyl ion, the differences in tho 
behaviour of strong and weak bases can bo accounted for quite 
readily. From these observations >t is necessary to conclude that 
the saponification of an ester should be represented by the equation 

cii 3 . co 2 c a ii 0 +oir .= GIT;.co ./h cur.,011 

Termolecnlar Non-reversibls'Reaction3. According to Noyes 
and Cottle, 1 the reduction of silver acetate by sodium formate ir 
dilute aqueous solutiqn affords an instance of an organic reaction in 
which three molecules are involved ii. die inteiiinolecular transaction 
which gives rise to tho products of the change. Tho order of the 
reaction is thereforo in agreement with what would be anticipated on 
the basis of the ordinary chemical equation, 


IICOjjNa + 2C1I ; .. CO,Ag = 2Ag + OII.CO.Na -l CII .COJI -! CO., 
or, IICO/ + 2Ag* « II’ + CO., i 2Ag 

• 

In the investigation of the progress of this reduction process, ex¬ 
periments were made at#100°, samples of the reaction mixture being 
forced-over from the steam-jacketed tube into an ice-cold solution of 
potassium thiocyanate. By this means the reaction was brought to 
t a standstill and tho unchanged silver salt reacted with an equivalent 
quantity.^>f tho thioeyimato. " • 

Denoting tho initial equivalent concentrations of the formate *and 
acetate fey a and b, then, if tho reaction is of the third older, the ratemf 

1 Zeit. ilnjuilf. Chan,, ISOS, 27, OT'J. 

* 0 
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change when the original poncentration has diminished *by x will he 
given by “ 

4%/dt — h A (a -x)(b- x) {b - x), 

and this can be integrated and tlio termolecular velocity coefficient, 
k A evaluated in terms of'a, b, x, and t. • * 

Tho following data were obtained in ^n experiment in which the 
initial a and 6 values were each equal to 0-05. For comparative pur¬ 
poses the valyes of the hi molecular volocity coefficient are also 


given in the fourth column :» 

t (minutrs) x 

. *. 

*2 

0 

0 


— 

3 

0-000(57 

35-8 

1(50 

8 

0-01811 

37-0 

, 146 

10 • 

0-02532 

38-8 

1.28 

t 25 

0-02052 

37-0 

1-16 

45 

0-03371 

37-1 

0-02 

SO 

0-03050 

37-5 

0 75 . 


Comparison of the numbers under 7. a and k. £ show’s tliat the former 
series is practically constant, whereas those of the latter series fall 
continuously as the reaction proceeds. In other experiments with 
different initial concentrations, tho new values obtaiued for the 
termolecular velocity coefficient are approximately tho same as in 
the example given above, and from this tho authors conclude that 
tho reaction in question is really termolecular. 

The'number of such .tenpolecuhwv reactions is very limited, but 
a further examplo has been found by van’t IToff in tho polymerisation 
of cyanic acid, the mechanism of wdiicli is therefore in accordance 
with the equation ordinarily employed to represent me polymerisa¬ 
tion process, namely, 

31ICNO = (HCNO) a 

\ 

In general, reactions of a higher order are quite exceptional. In tho 
bromination of benzene, in presence of iodine as catalyst, Bruner 
claims to have found an example of a quadrimolecular reaction, and, 
if his conclusion is accepted, this reaction probably represents, from 
tho point of view of the intennolccular transaction whidli is involved, 
tho moF.t complicated instance of a non-re^crsible organic change 
which has boon dynamically investigated up to tho present. 

Determination of the Order of a Reaction. Since the ex¬ 
pressions forithe velocity coefficients of reactions of the first, second, 
third, &'e., order are quite different in form, if is ovident tfcrft dyna¬ 
mical data may be utilised in drawing conclusions relating to the 
mechanism of any given change. ln f *the following discussion of the 
methods which may be employed in sjach investigation^, it will bo 
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assumed tliki the reactions in question are of the noil-reversible type 
aiuU that the filial products are directly formed from the initial 
reacting substances. 1 • 

* Velocity Coefficient Method. TJie most obvious method of pro¬ 
cedure consists in the utilization of the dynamical data to calculate 
the uni-, hi-, tor-, and quadri-molecular velocity coefficients. Accord¬ 
ing to whether A* x , X 2 , A 1 .,, or k A remains constant, the conclusion 
might be drawn that the reaction is of the first, second, third, or 
fourth, order. Although the application of 'this method has led to 
result^which, in a largo number of cases, leave no room for doubt 
as. to their validity, experience lias shown that erroneous deductions 
may not infrequently lie made from the observed constancy of one or 
other of the expressions for the velocity coefficients. t If, as the 
reaction proceeds, disturbances arise in consequonco of the action of 
one »if the?final products on one or other of tho original substances, 
it is evident that the data representing tho progress of the reaction 
may indicate the' constancy of a velocity coefficient which does not 
correspond with the real order of the reaction. On this account, 
measurements relating to the initial stages of ihu reaction will in 
general furnish a more satisfactory basis for tho deduction of the 
qfder of tlio change. 

Initial Velocity Method. * This method, first employed by 
van ? t Hoff, 1 involves the determination of the speed in the early 
stages of the reaction and of its dependence on tlio concentration of 
the original substance or substances. If the reacting substances aro 
present in ■'equivalent proportions, *l.e averago speed i\ during tho 
‘ initial stage of tho reaction will bo given by 

(i) 


where C x is tho average concentration of the reacting, substances 
during the timo interval At 1 and n is the order of flic reaction. If 
is the average'concentration during a similar time interval At t ip 
a second experiment, then 




From (1) and (2) 


or 


= - - lid*. 

v* 2 - (§)*, 

Jog C\ - log C’ 2 


( 2 ) 


1 Studies in Chemical Dynamics , by%. II. van’t Hull', tran^ l»y T. Ewan. Williams 
& Norgatc • *. 
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In carrying out experiments to determine n in this way, the con¬ 
centrations L\ and Co sliould not bo too nearly equal, and the time 
intervals should be chosen so as to allow of the accurato estimation 
of the averago speed during this period. The magnitude of ! *he 
initial period will be determined by the accuracy with which the 
progress of the reaction can be followed, but as a general rule it will 
be convenient to choose the timo intervals in such a way that 
from 10 20 percent, of the reacting substances have disappeared. In 
practice, this method i^ particularly useful in cases where the final 
products give rise to disturbing secondary reactions, for such products 
wil 1 obviously have least influence when the quantities formed are 
relatively small. 


KCethod of Equifractional Farts. This method, which was 
first suggested by Ostwald, 1 consists in comparing the times which 
are required for tho decomposition of the same fractional amou'nt of 
the reacting substances, when tho initial concentration is varied. If 
wo compare tho influence of the concentration on tho timo required 
for the disappearance of a definite fraction (1/a) of tho original reaction 
mixture, by reference to the expressions for tho velocity coefficients 
of reactions of the first, second, and third order with equivalent con- 4 
centrations of the reacting substances, it is seen that tliis influence 
is quite different in tlio several cases: 


Unimoleeular reaction.* I =- 
of a. 

Bimolecular reaction, t — 


1 

/•i 

1 

£ 


* r U 

hi — - , that is, l is independent 
a-a,n ' 

. (t U that is, t varicr inversely 
a (n - a/n) ’ J 


as a. 


Termolecular reaction, 
versely as a;. 


1 a/n (2a-a/n) . . . . . 

, -, — . ', that is, t varies m 

2u J [a-a/ny 7 


From tho above relationships it is evident that experiments, in 
which the concentration of the reaction mixture'hs varied, ufiord 
a simple means of determining the mechanism of the irreversible 
change. J Disturbajiees from side reactions (.4Vo later) are to a largo 
extent eliminated by this method of procedure, and only influence 
the result obtained, in so far as the relative importance of the side- 
reactions varies with the colicentrution of the* reacting substances. 
By comparison of tho timo intervals required'for the disapjfeftrance 
of successive equifractional amounts of the original substances iu 
parallel experiments with different initial concentrations, an cs\imate 

» Zcil. physik. Chum., 1883 , 2 , 127 . 
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may be formed of the extent to whicl. the principal reaction is 
distifrbed by subsidiary reactions in its different stages. 

Isolation Hethod. As its name implies, this method consists in 
arranging tli^conditions of the dynamic experiments so that one of 
the reacting substances is isolated from tho rest in so far ith its 
influence on the course of the reaction is concerned. This can he 
effected quite readily, for the condition of isolation is attained if tho 
concentrations of the reacting substances are so arranged that tho 
active masses of all hut one remain sensibly constant during the 
v^hole process. 

If A and B react in accordance with tho equation 
• iuA + tili —*])(!+ ql) I ...« 


"and B is present in relatively large amount, then according to tlio 
law of mass action • 


**# 


d(\ 

dt 


- h(J 



but since Cu is practically constant, the rate of change may he written 


dC ' -re”, 

— —7, — A> I J » 

(If A 


and according to this equation the course of the reaction*will he 
determined by the,number (m) of molecules of the isolated substance 
A which are involved in the actual process of molecular interchange, 
although w + n moldeulcs are in reality involved. In a siin ilar manner, 
Hie value of n may he determined in a sep.imth series of experiments 
in which the substance B is isolated. In the case of more complicated 
reactions, this m dliod is of great utility, and has been frequently 
applied in the systematic investigation of organic reactions. 

By application of one or more of the above methods, *t is possible 
to obtain information in regard to the part played by each of tho 
several substances which take part in a chemical change. Although 
in the discussion of these methods it has been presumed that the 
reactions are simple afld irreversible, the application is by no means 
limiled to reactions of this type. Under suitable conditions tho 
methods may also bo applied to the more complex changes in which 
simultaneous or consecutive reactions are involved. t 

InVile following pages examples will lie given of reactions which 

have been investigated in this manner. * 

® ■ 

Stereo-chemical Change*. In view of tho simplo character of 

^ I 

tke isomffic transformation, the dynamical coursfe,of stereo chemical 
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changes is of particular interest. Tho investigation of the ratg of 
conversion of syn-aldoxime acetates into the col-responding 'anti- 
forms by Ley, 1 has shown that the reaction proceeds in accordance 
with the unimolccular equation* 

The change occurs in absolute alcoholic solution m presence of 
hydrogen chloride as catalyst, and can be followed by the addition 
of removed samples of the solution to an ice-cold aqueous solution of 
sodium acetate; the mixture being then heated for some time at 80°, 
when the unchanged syxi-nldoxime acetate is converted into the corre¬ 
sponding nitrite with the liberation of acetic acid, which is titrated 
with standard alkali. Tho following data were obtained in aa 
experiment with anis-syn-aldoximo acetate at 25° in presence of 0 01 
normal IIC1 as catafyst. 


t ( minutes ) 

fi-X 

fc i “ ] % 

l [ 

0 

0-0100 


10 

o-oor.r* i 

- 00250 

20 

0.00318 

0.0218 

30 

0-00199 

0-0239 

40 

0 00118 

00255 


In regard to the catalytic action of the acid, it, may be supposed* 
that an intermediate additive compound 's formed, and that this, 
undergoes stereo-isomeric change, ' the acid being subsequently 
liberated from the isomeric form as t epresented by the formula 

R.C.II R.G.1I R.C.II 

|| + IIC1 —* || |f 

n.co 2 cii 3 ci.n.co..ch 3 cit 3 .cc 3 .n.ci 

I I 

11 II 

R.C.II 

II + IIC1 
CII 3 . C0 2 . N 

In this connection, reference may bo made to the remarks on 
ritalytic reactions on p. 826. 

Conversion of ^Diaasoamino- into Amin azo-compounds. The 

transformation of diazoaminobenzene into aminoazobenzeno, which 
takes place when aniline hydrochloride or other aniline salt is added 
to an aniline solution of the \liazoamino-componnd, affords a further 
instance of ah intramolecular change which has been investigated 
dynamically. The speed can bo measurM conveniently at 25°- 50°, 
samples of the reaction mixture being run into caustic soda solution 
in order to stop the reaction, and the mu hanged diazoamino-compound 

1 Zcit. physik. Client ., 1895, J.8, 870. 
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estimated by boiling vvitli dilute acid and collecting the nitrogen 
which is liberated by its decoinpositicyi. 

experimental data obtained by ColdsolTmidt and Roinders 1 
•show that the reaction progresses iq> accordance with the equation 
for a unimolcdhlar change. For a given concentration of the dijizo- 
amino-compound, the velocity coefficient is proportional to the 
concentration of the aniline hydrochloride. On the other hand, 
when the concentration of the aniline salt is fixed*, experiments 
with different concentrations of the dia/.oannno-oompound load to 
practically the same value of J.I 10 velocity coefficient. 
j/These observations indicate that the aniline hydrochloride plays tlio 
part of a catalyst y\ the transformation of the diazoamino-compound. 

When other aniline salts, c. g. the triohlorafcetate and diclilor- 
acetate, are substituted for the hydrochloride, the nature 'of the 
reaction i" unchanged, but tho velocity coefficients show appreciable 
differences. 

i i , 

For solutions containing 0-5 mol diazoaminobenzene and 01 mol 
aniline salt per litre, the velocity coefficients at 25° were found to 
bo 0*0060, 0*00487, and 0*00205 for the chloride, trichloracctate, 
»*nd dichloracetatc respectively.® Since tho speed of tho reaction 
diminishes with tho strength of the acid, it is supposed that the 
ratalytically active components tire not really the aniline salts, but 
the freo acids which result from 'their dissociation. 

Apropos of this reaction, reference may be made to the fact that 
nminoa/.ohcnzcne is # formed when diazoaminobenzenotolueno is 
dissolved jh aniline in presence ef an aniline salt. Dynamic 
'measurements show that the speed of this reaction is identical with 
that observed in the transformation of diazoaminobenzene, and it 
therefore seems probable that tho diazoamiiiohenzcnetolueno is 
primarily transformed into diazoaminobenzene in accordance with 
the equation \ 


C 0 II,N: N. NIIGoJI 4 . CII a -I C c II 5 NII 2 - C U 1I,. N:N. NIIC, ; IT, 

* 4 CH a . C«1I 4 . NTT 2 


Hydrolysis of Sucrftse and Esters. As already niunti mod, the 
study of the inversion of aqueous solutions of sucrose in presence of 
acids afforded the first proof that reaction velocity is at every 


moment proportional to the concentration of the v decomposing 
substiAvse. In accordance \yith the equation * 


CuIIa.On 4* IUU —> f’ljHigUe 4 C, ; II 1; ,0 ( ;, 


the reaction is bimolecular aryl its rate o c progress is found to be in 



8 Bet., ao, 18'JU. 
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agreement with the dy namic equation for a bimolecular change. §>ince 
in sucrose solutions, which are not too concentrated, tho water is, 


present in considerable excess, its active mass remains practically 
constant, and it is therefore yot surprising to find that the valuer 
obtained for the unimolrcular velocity coefficient exhibit much 
the same degree of constancy as tho values of the bimolecular co¬ 
efficient Z* 2 (Part III, p. 9G). 

If a and u are tho concentrations of the sucrose and water 

respectively, then Jc. t — —- In 7 .- —and since x is at all times 

. 3 - ( u-b)t b[U‘-x) '* 

vdi'y small in comparison with b, tho equation may obviously bo 

written in tho samo form as tho equation for a true uuimolecular 

change, viz. 1 , a 

' t a-x 


The sliced of tho sucrose inversion may bo readily followed by 
observations of the rotation of a beam of piano polarised light, aud 
if a 0 , a t and denote the rotations at the commencement, after 
time t and when the rotation has reached its final value, it is obvious 
that + <x r affords a measure of a,'and a t + at„ a similar measure ol a - x. 

The following tablo contains the data for the inversion of a 
20 per cent, solution of siurose at 25° under the influence of 0-5 
normal lactic acid. For this solution the values of a and 6 may bo 
taken as 0-G28 and 45-b respectively. The observed rotations after 
measured time intervals are shown in the second column ; tho 
numbers in the third and fourth give tho values of a -x and b~x, 
and columns 5 and G sir w that the uni- and bi-moleeuTar voloeity 
coefficients remain satisfactorily constant. Tlio inversion of cane 
sugar by an acid in aqueous solution affords tlmrofore an instance 
of a bimolecular change, tho course of winch is represented quite 
satisfactory by tho equation for a unimolecular reaction. 1 


t (imoimVs) 

a 

a — x 

?*—a; 

Hr,. 10* 

A,. 10 

(1 

+ :5i.r»o° 

0-02S 

45.3 

f 

— 

1135 

31*10° 

0*581 

45-3 

0*285 

0-525 

4315 

25.00" 

■ 01 ‘JO 

15 2 

0*230 

0-520 

7'‘70 

so. nv 1 

0*129 

45*1 

0 231 

0*517 

11300 

lists" 

0*313 

45*0 

0*231 

05.11 

14170 

10 01° 

0207 

450 

0*230 

0-509 

10010 

7-57° 

0*251 

44*11 

0*232 . 

0*511 

19N20 

t».os° 

0*220 

44-S) 

- 0*229 

0510 

29930 

-1.05° 

0-120 

41-8 

0*233 

0-518 


— "l 0.77° 

0 

4-1.7 

— 

-. ■ * 


1 Although the inversion of sucrose and similar changes are often quoted as 
examples of reactions of tho first, order, it seems to the author that* this is 
a misnomer, for the apparent rnimolecular ^jiaracter of these changes is entirely 
determined by the psr .ieular concentration relationships obtaining under tlie 
usual conditions in .vhich tho mictions arc carried out. 
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The pointimetric method employed iu^ following the progress of 
sucrose hydrolysis affords an example of tlio application of physical 
'methods in determining the quantifies of substances in solution. 
pAltHough such methods may in certain cases alford accurate results, 
’it seems likely,that the accuracy attainable in* the polarimetric method 
of determining the speed of the inversion of sucrose has been exag¬ 
gerated. Not only has the hydrolysing acid ail influence on the 
rotatory powers of the different sugars involved in # the chemical 
change, but the fact that glucose and laevulose undergo niuta- 
rotation will also have an influence on tlio observed rotation. 
Ujpder these circumstances it seems improbable that the polarimetric 
data afford a measure of the rate of change, which is as reliable as 
that ^attainable in the ease where chemical me’Jiods of estimation 
jp’e employed. 

It •has &eeu supposed that the hydrolysis of sucrose by dilute 
acids deviates from tho requirements of the mass law as expressed 
bjt the uni- or bi-molecuh.r equation and Lliat in the early stages of 
the reaction the velocity is practically constant. 1 This linear period 
is undoubtedly characteristic of ihe hydrolytic change when brought 
about by small quantities of enzymes. Recent experiments 2 indirate, 
l|«wover, that tho analogy between acid and enzyme hydrolysis, 
which would be indicated by stu;h a ps.i \llelism, has no foundation 
in fact, and that, within the liiqits of experimental error, the*rate of 
sucrose hydrolysis,.both under the influence of very dilute and more 
concentrated acids, is at all stages determined by the concentration 
of non-liydrolysed substances. 

• The process of ester hydrolysis in di’ute aqueous solution under 
the catalytic influence of acids is in many respects similar to sugar 
inversion from tie dynamic point of view. Although it has been 
shown recently 3 that the hydrolysis of methyl acetate in presence of 
hydrochloric acid doos not proceed to completion, but th.*/ ,m equili¬ 
brium condition is reached when about 95 per cent, of the ester has 
been hydrolysed!? yet for practical purposes the reaction may b<* 
regarded as nou-roversible. The data representing the progress of 
the change aro found to give a satisfactorily constant valu.i for tho 
uniniolocular velocity coefficient, a circumstance which is duo to the 
relatively large active mass of the water, for, in reality, the process 

of ester hydrolysis is a bimolecular change. 

• ) 9 


1 Armstrong and Caldwell, Proc. Hoy. So,., 1901, A, 74. w*. 

2 WJPHoy, Proc. Hoy. Soc.. 1919, A, 87, 553; of. also UubuuuiF, Clark, and Sildoy, 
Jonrn. Amer. Chcm. Soc., 1911, 33, 1011. 
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Belli the above reactions have been largely used as a means of 
measuring I ho relative affinities of acids, for in dilute acid solutions 
the speed of both i~ very nearly proportional to tho hydrogen' ion 
concentration. The relative affinity values, obtained in this waj", arc 
parallel with the affinity coefficients obtained by electrical conduct 
tivity measurements, and, on this account, tho two reactions havo 
played an important part in connection with the development of tho 
hydrogen ion theory of acids. 

Esterification in Alcoholic Solution. In many refepcccs this 
reaction resembles the two which hive just been discussed, for 
according to the equation c 

CII 3 . C01I + CJI.OII -» CIL. CO.CJl'-, + H a O, 

we have to deal with a himolecular chango, which, in consequence cf 
the large excess of alcohol, may be expected to take place in accoidance 
with the iinimolecular formula. In presence of an acid catalyst this 
is actually the case, as nifty he seen from tho data in the following 
table for the esterification of acetic acid in presence of hydrochloric 
acid. 1 In the parallel experiment are given the data obtained in 
tlio esterification of phenyl acetic acid in presence of picric acid si 3 
catalyst. 2 


A a tic acid 0-1 »i II Cl 0-025 mol per lih c. 

rhnnjlaei lie add 0-2372 nvd per litre. 

J 

Tnnpaahne 11-5°. 


* 

Temperature 25°. 


t (//Mill's) 

a - x (in c.c. alkali) 


t f Jiouis) 

a — x {me c. alkali) 

*1 

i. 0 

00.1 

- 

0 

II.80 

-- 

1 

r»r,.i 

0.0399 

2-3 

10-73 

0A»1S7 

O 

«-> 

50-3 

0.0397 

16*3 

•' 0-37 

0-0100 

«» 

45.9 

0.0,597 

21-9 

5.39 

0.0150 

-1 

41.9 J 

0.0397 

42.1 

270 

00152 

5 

3s. 2 

0.0398 

05-0 

1-31 

0.0147 

0 

31.9 

0-0397 





Although the numbers under li x sire quite constant in tho acetic 

acid expel 1 /X..uit, there isa marked diminution in tho successive values 

of l; x in tho case of the phonylacctic acid. The difference is no 

doubt connected with tho fact that small quantifies of water, when 

added to water-free aleolu 1, reduco the velocity of esterification to 

a very Inrge exloikt.* Since water is formed by tho esterification 

of the acid, it may ho expected that this will have a retarding 

influence on tho progress of the chango if the alcohol employed as 

solvent is nerrly anhydrous. If, on the other hand, water is present 

in the alcohol in larger proportion, that which is formed during the 
% 

1 SucI lmr< nil'll and Lloyd, Tram. Client. Hoc., 1S9!), 5, 407. 

* (iiihUclunidt and Wsndis. JUr., 1S90, 20, 2208. * 

s (iuldm-limidl. r,n-.. J895, 2b, 3218; 1890, ‘*29, 2-03. Goldschmidt and Sonde, 
Ba.f 1900, 30, 711. Giil’dNohnndt and Udliy, ‘/.dt. plnjatk. Chcm., 19C7, 60, 728. 
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reaction will have comparatively littlo influence on the progross of 
the reaction. It Stems probable, therefore, that the difference between 
the two results is due to the difference in water?!ontenl of the alcohol 
*userl in the esterification, a satisfactory constant being obtained only 
when the alcohol is not too ‘ dry • 

The retarding influence of water on the esterification process is by 
no means characteristic of this reaction, for tho velocities of many 
other acid-catalysed reactions are also depressed to’ a very large 
extent on* the addition of very small quantities of water. 1 It i3 
probuMc that tho phenomenal is duo to a change in the catalyst, 
f*To acid being very much more active in alcoholic solution than' it 
is in aqueous solution. Sinco dilute aqueous and alcoholic solutions 
of tho mineral acids are both ionised to abouh tho saline extent, 
according to conductivity measurements, it follows that tho ordinary 
acid*ions“which are responsible for»tlie transport of tho electric 
jjirrent- through tho solutions cannot bo regarded as tho agents 
responsible for tho catalytic activity. Various considerations indi¬ 
cate that the electrolytic hydrogen ions, present in aqueous solutions 
of acids, are hydrated, ami it is therefore possible that tho eatalyti- 
cally active ions arc the simple unhydrated hydrogen ions. In the 
Aqueous solution of a mineral acid, the proportion of such simplo 
ions must bo much smaller thanln a corresponding alcoholic solution, 
the difference in concentration feeing determined by tho difference iri 
the affinity of the 'simplo hydrogen* ions for water on tho one band, 
as compared with tl^eir affinity for alcohol on tho other. 2 

In the absence of a catalysing acid, Jio estoylication of an acid in 
'alcoholic solution proceeds otherwise. Whereas the experimental 
data yield decreasing values for tho unimolecular velocity coefficient, 
fairly constant numbers aro obtained when the himolecular coefficient 
is calculated. According to Goldschmidt, this is a consoquonco of 
auto-catalysis, s the speed of the reaction being determii^jd by the 
concentration o{^ihe acid ami also by that of tho hydrogen ions to 
which it gi”es rise by its electrolytic dissociation. If, at a given 
moment, the concentration of the non-oslerified acid is a - x, and m 
is the degree of ionisation, then in (a - x) is the hydrogen iyn conccii- 

1 Cf. Lapwortli and Pitzgerald, Trans. Chum. Soc. , 1908, 03, 2103; Lapwortli, 

ibid., 2187; lapwortli and Partington, ibid.. 1910,07, 19; Dawson, Trans. Chan. 
jSoc., 1911,00, 1; Bredigand Fraenkol, Bur. , 1900, 30, 17o<i; Tuliandl and Mohr, 
Anna) Ah. 1907,354, 2.",9.' ‘ • 

2 Cf. Lapwortli, Inc. cil. ; Dawson, for,, cit. * 

* Bet, 1890, 20, 2208. In a later paper, /.cit. f. EMJrochimic, 1909, 15, 4, Cold- 
scli ini at adopts tho view that tlTis reaction is of a secondary character,* tho 
primary reaction being due to tin?presence of very remj ivo doublo or complex 
mcjcciilcs. * 

V 2 
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tration, and dx/dt—li^n[a e -xf. Assuming that tn does not vary 
appreciably over the range of concentration involved, it is evident 
that the bimoleculaV velocity coefficient should remain constant 
during the reaction. The following data wore obtained in an experi¬ 
ment with trichloracetic acid (0-2412 mol per litre) at 25°. 


t (hours) 

a—x 


1 X 

t a (a—x) 

, o 

12-06 


— 

47-8 

IMS 


0.00676 

118-0 

' 10.21 


0.00625 

191.0 

9.24 


0-00663 

2910 

S30 

•1 

0.00648 

4075 

7.50 


0.00618 

672.0 

6.07 


0.00605 


Although the nAmbers in tlio third column show that tin bi- 
moleciilar coefficient is practically constant, this constancy does no!) 
necessarily moan that tho est- rification, in absence of a catalyst, is 
auto-catalytic in nature, for it can be shown 1 that the same forni 
of expression is obtained for the velocity coefficient, if it is assumed 
that the reaction takes place botween the alcohol and tho undissociated 
acid, or between the alcohol and the ions of the acid. In othor words, 
the himolecular nature of tho process is a necessary consequence of 
tho electrolytic dissociation of the acid. 

Influence of the Nature aud Constitution of the Acid on tlje 
Velocity of Esterification. * From the work of numerous observers 
it has been possible to draw certain general conclusions relativjj to 
the influence of the naturo and constitution of th.o acid on the velocity 
with which it is estarifi ;d in presence of a mineral acid catalyst. 
In the fatty series,* all substituted acetic acids aro esterified more 
slowly than acetic acid itself, and in tho series represented by 
(1) CILX . CCUI; (2) CIIX 2 . CCUI; (3) CX,. CO a II it appears that 
the first is v always more rapidly esterified than the second and the 
second more rapidly than tho third. The velocity is independent 
of tho strength of the acid, as measured by its k uisation constant 
in aqueous solution, and mainly depends on tho number and ‘ sizo’ 
of the jitoms or groups which aro substituted for hydrogen in 
the acetic acid. Id tho series of mono-substituted acetic acids, the 
methyl group has tho smallest influence, the effect of other sub¬ 
stituents increasing in the order—chlorine, phenyl, bromine, iodine 

(p. 340) v ' 

In tho case of aromatic acids, similar retarding influences are 
apparent, and the effect of substitution in the ortho position 'Is vory 

1 Don nan, Jier., ,1*»6, 20, 2122. , 

2 Sudburough and Lloyd, 2»ans. Chem. Soc 1899,, 75, 467; 18$*, 73, 81.* 
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mucli greater than in the nieta or para position. From experiments 
wi£l* the diortho* substituted benzoic acids, it appears that certain of 
these are esterified with extremo si Awn ess. *That there is no real 
difference, however, between such diortho substituted acids and 
other substituted benzoic acids, such as the steric hindrance hypo¬ 
thesis would seem to suggest, is clearly shown by tho fact that such 
diortho substituted acids can be esterified completely and without 
difficulty under favourable conditions (p. 340). 1 2 * * • 

In the’absence of a mineral acid catalyst, the influence of sub¬ 
stituting groups on the rnjc of esterification appears to bo less 
lharply definod, and no very general relationships are exhibited by 
the dynamical data for aiito-ostorifieation. 

decomposition of Diazo-compounds. The decomposition of 
aqueous solutions of the diazo-compounds of tho benzene and 
naphthalene series affords a further instance of a hi molecular 
enaction which proceeds, in accordance with tho equation for a uni- 
molecular change.® In accordance with the equation 

c,.ii,n : nci + n 2 o - C |; 1I.,01[ + HCi + N„ 

nitrogen is set free, and tho progress of tho reaction can bo followed 
»by collecting this nitrogen and determining tho volume alter 
measured time intervals. # 

The velocities with which Afferent diazo-compounds are decom¬ 
posed vary enormously, as is evident from the following data, which 
express the relative velocities of decomposition, and afford therefore 
a measure of the relative stabilities o*’ aqueous solutions of tliodiazo- 
^compounds. In consequence of the great differences in the speed of 
decomposition, tho diazo-compounds cannot all he compared at one 
and tho same temperature, hut, ou tho assumption that tho tempera¬ 
ture coefficients of tho reaction velocities aro sensibly the same, it is 
possible io refer the actual data to a common basis .. id so obtain 

a series of comparable numbers. * 

• • 

Hilulice Hates of Decomposition of Diasobcnzcne Compounds. 


Diazo-o-nitrobenzeno chloride 
-m-ifltmlicnzcno 
-p-nitrobunzene 
-p-sulphnnilic acid 
-p-toluene chloride 
-benzene ,, 

-o-joluene ,, 

-n-tolufiu^ ,, 


j? 
«, 
u 
n 
M 
» 


1 

it. 8 

132 

250 

2200 

<;df>o 

0500 


1 TJosanoff and Prager, Juurn. Amer. CU.M. Hoc. , 1908, 30, 1895. 

2 (Tain and Nicoll, Trcns. Claw 9 Hoc., 1902, 81, 1112 ; 1903, 83, 206. Han*.fflch, 

Her., 1900, 33, 2517 ; of. also Ilatfcaer and Mu.icr, Biiy. Hoc. Chita., 1892 (ill), 7/ 

7^1; 1893 fill), 0, 303. 
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Formation of Azo Colouring Matters. According to tlie equation 

/N:N X 

CJI 4 < >0* + CJI.N (Oil,),. IIC1 

X SO. / 


= CJI, 


/N: N. C fj ll 4 . N(CIIi. 


SO..II 


h ITC1 


it might bo expected that the reaction between ^-dia/.obonzene- 
sulpliouic acid and dinjethyliinilino hydrochloride would proceed at 
a ralo determined by the product of the concentrations pf the 
sulplionic acid and the aniline salt. When the experimental data aye 
employed to calculate the bimolecular velocity coefficient, it is found, 
howovor, that the vein os vary considerably during the course of, the 
reaction. Moreover, addition of hydrochloric acid to the solution 
lowers the speed to a considerable extent, and it is therefore, im¬ 
probable that the undissociated aniline salt or its ion represents one 
of the reacting components, for the active Aiass of those will not lie 
appreciably altered by the addition of the acid. 

If, on the other hand, it is assumed that the free base present 
in the solution is the active component, and if the concentration of 
this at any moment be denoted by £ and the concentration of th»* 
sulphonic acid by a - x, then • . 

c "ilx/flt = Ici^t-x). (1).' 

u If, further, the original reaction mixture contained mols of dimethyl- 
aniline hydrochloride,and b mols of added hydrochloric acid per litre, 
then after time t, when.r mols of the azo-compound have bt*®n formed, 
the concentrations of tho hydrochloride, free base,and hydrochloric acid 
will be respectively (a — $ — x), £, and (b I $ 4 «■) and from a considera¬ 
tion of the hydrolytic equilibrium * 

c (l n.Nir l iij.,.iKn t 11..0 cji ; ,.N(cii ;{ )ji.oit-i iici 

it follows rfiat (;')(/, + £- ( x) _ 

* V ‘ 

Since £ can in general be neglected in comparison with b -i- x and 
a~x, wo may write* v 

* . t ,n-x 

fc — A-, 

b 1 - x 

and by substituting in equation (1) 

* 7 ' 7 / . .r {n-sr\\ 

tlx, ilf -- /.A , -• 

b \ x 1 

ft 

.,// _ 1 \ a * h 


or 


= \\ a - - • - In -- - \ 

» l ( a a-x a-xi 
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In the following tabln are given the d!Ua obtained by Goldschmidt 
aiufjVIor/. 1 in two experiments at 20° with diU'erent amounts of 

added acid. 

» • 


a = 0-0962 

, b = 0-02S2 mot. 

a = 0-02S 

2, b = 0-0501 mat. 

t (minutes) 

a—x 


t mtu'ifts) 

ii — a" 

A-'* 

0 

0-02S2 

— 

0 

0-02S2 

- - 

•15 

0-022S 

00057 

DO 

0-0221 

0-0000 

150 

0-01 (US 

0-0057 

210 

0-0170 

0-0050 

210 

0-0110 

0-0057 

3 75 

00 M2 

o-oooi 

. «oo 

0-O1 IS 

0-01)03 

. -ISO 

0-0123 

0-0a03 

31)0 

0-0108 

0-0053 

1110 

O-OOOs 

0-1*055 

• 1320 

0-0051 

0-11050 

1800 

0-0058 

0-005(5 


The retarding mlluonco of the hydrochloric acid is seen from (ho 
fact#that whereas the reaction is approximately half completed in 
4310 minutes in the first experiment, the* time required for thi* in the 
scciftid isWibout o75 minutes. 

The.constancy of k', as shown by the above numbers, together 
with the fact that neutral chlorides are* without iniluenco on tho 
speed of the reaction, indicates with considerable certainly that 
the formation of methyl orange is due to the interaction of tho dia/.o 
compound not with the aniline salt, but with the small quantity of 
Aeo base which is present in the solution. 

• 

Transformation of Ammonium Cyanate into Carbamjde. In 

tho conversion of ammonium cyan*le into carbamide in diluto 
aq-ieous solution, we have to deal with a reaction which is revorsil.*e 
to an extent which* is easily measurable. Tho composition of tho 
solution In the final condition of equilibrium indicates, however, that 
the velocity of decomposition of the carbamide may he almost 
neglected in comparison with the velocity of its formation, until at 
least 75 per cent, of *lie cyanate has been transformed, and, on this 
account, it is convenient to treat the reaction as boVuging to tho 
group of non-reversible changes. A further circumstance which 
complicates tlnf'process is tho simultaneous decomposition of (ho 
cyanato with formation of ammonium carbonate, hut this clutngo 
may also bo noglecfe&in comparison with the principal reaction. 

Tne following table contains data recorded by Walker and llambly 2 
for the decomposition of a 0-1 molar solution of cyanate at 50-1°. 
In calculating the mfi- and bi molecular velocity cotflievents (k t and k.,), 
the concentrations recorded under a- x are rcekoited from l|p* practical 
end-point of tho reaction which makes a — 0 0910 instead of 0*1. 


1 Ber., 1E»7, 30, G70. 

2 Tians. C 'hem. Hoc., 1805, 07, 7lo.» 
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t (whittles) 

a-ef 

*. 

*. 

0 

0-0910 

— 

C 

45 

0-0740 , 

0-00200 

0-0576 

72 

• 0-0056 • 

0-00201 

0 0599 

107 

0-0584 

0-00183 

0 0577 

157 

0»05I2 , 

0-00161 

00548 

230 

0-0424 

0-00145 

o-otei 

312 

0-0343 

0-00134 

00572 

COO 

0-0228 

O-OOiOl 

0-0518 


Whilst k x diminishes ns the reaction proceeds, the values of Z a are 
practically constant, indicating that the reaction is bimolocular. 
To account for this, it might bo supposed («) that two moJucules 
of ammonium cyanate react together; (&) that tho cyanate is dissociate1 
into ammonia and cyanic acid, which yield carbamide by thoir 
interaction ; (c) that «the reacting components are the ammonium and 
cyanate ions or the non-ionised ammonium cyanate. Whereas the 
addition of neutral salts has, ip general, no appreciable iiffluenfie on 
the velocity of the reaction, it is found that ammonium sal|s 
increase the speed considelably. On tho oilier hand, free ammonia, 
which is but feebly ionised in solution, has little influence on the 
raie of change. From these facts Walker and Ilambly dre\v the 
conclusion 1 that the bimolecular' course of the change is due to the 
interaction between tho ammonium and cyanato ions, carbamide 
being formed fiom these as represented by 

* nii/+ono' -v co(N r r..) a . 

* In agreement with this view it is found that k. ± diminishes soihe- 
what as the initial concentration of the cyanate solution^increases, 
this being duo to the* de6rease in the ionisation of the salt as iig 
conceittrat ion increases. 

Most of those facts can bo equally woll interpreted, however, if wo 
assume that it is the non-ionised portion of the ammonium cyanato 
which uiides 0 oes transformation, and the fact that in 90 per cent, 
ethyl alco/iol, the cyanate is converted into carbamide thirty times 
qs rapidly 2 as in pure water under similar conditions, is distinctly 
favourable to tlio view tha* non-ionised ammonium cyanate is tho 
reactive substance. •» * 

According to Chattaway, 3 the transformation of the non-ionized 
cyanate into carhamido is not a case of simple intramolecular 
change, but i»i due to tlie interaction of ammonia and cyanic aovd, 
analogous to the reactions between isocynnic esters and amifiohia or 

1 For a criticism of this view compare K «E. Walker, Pro c. lloy. Soc.J 1912, 
A Hi, 539. • 

* Walker and Kay,,7W?»w. Clam. Soc., 1897, 71, 489. 

9 'l'rans. Ghem. &V.,«1912, 101, 170. . 
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amines, whereby substituted earbamufcs are formed. The trails- 
formation may b§ formulated as follows: 


•NIf 4 .N:C:0^II.N:C:0 + NlI 3 ; 


mi 

: HN:Cv <: 
t *VI 


: II.,N. CO. NII a 


‘‘NILj 


and if this view is correct, the reaction in question belongs to the 
group of consecutive reactions (p. 313). 

The Priedel- Crafts Reaction. Ho pie light has been thrown on 
the mechanism of this general reaction by dynamical experiments. 
Sjeele^ has investigated in* this manner the formation of tqlyl 
phenyl ketone from toluene and benzoyl chloride in presence of 
aluminium chloride and of ferric chloride (p. ,195). *Tlie reaction 
corresponds with the equation - m 

• C 0 H,,CO. Cl 4 C U IT,. CII a - (\ ; 1J V CO. C 0 II 4 . CII 3 4 1IC1 
and its progress was followed by passing a constant current of 
hydrogen, saturated wall toluene vapour at the temperature of 
the experiment, through tho reaction mixture and measuring the 
change in titre of a standard solution of alkali through which tho 
issuing hydrogen, carrying the hydrogen chloride liberated by 
fho reaction, was passed. In theso experiments tho tolueno was 
present in largo excess, and, under tli^e circumstances, it might ho 
expected that tho reaction wouhbbe unipi'decular. The experimental 
data show, liowovcr, that the order of tho reaction varies with Hip 
ratio qf the amounts of aluminium chloride and benzoyl chloride, 
being uniriolecular if the ratio AlfU»/C ti lI- 1% COCl does not exceed 
‘ guity, and bimolccular in presence of excess of aluminium chloride. 

Tho results are best explained by assuming the formation of 
a compound between one or both of the reacting substances and tho 
aluminium chloride, aiAl by the removal of the latter from the system 
in combination with tho ketone formed. 

When tho ratio AlCl^.C^II-CO.Cl does not exceed unity, tho 
mechanism, suggested by Perrier 2 and Bolsoken 3 is snllicient tft 
explain the dynamic observations. According to this, a compound 
is formed containing tiio acid chloride and aluminium cliforido and 
this reacts with the tolueno according to tho formula 

Al,Cl (i .2C 0 II,COCl + 2C ti II 5 . CII. Al a Ol 0 .2C B II a .CO. C 0 II 4 .CII ;! 

’ . , • , + 2II Cl 

If this compound is only soluble to a limited extent in the 
* 

1 Trans. C him. Soc., 1^0:}, 83, 1470. 

Bcr., 1000, 33, 815. r 

. 3 fine. trar. chitn. J’uys-Bas, 1000, 10, 19; 1901, JO, 102. 
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toluene, the rale of change during the early stages of the reaction 
will he constant, because of tlm constant active mascot the compound 
in the saturated solifbion. TlSo actual data show that the speed is 
constant until the aluminium. chloride ceases to exist as a solid 
plume, and constant values are only obtained for the* unimolecular 
velocity coollicient (A^) if the time measurements are reckoned from 
the point at which this occurs. 

That the aluminium chloride is removed from the reaction 
mixture in combination with tho linal product is indicated by tho 
fact that one mol of aluminium chlorijlo cannot convert more than 
onfe mol of tho acid chloride into the ketone. If this wore not tho 
case, the regenerated aluminium chloride would react with further 
(piantitics of the acid chloride. • 

In order to account for the bimolecular character of the reaction 
in presence of excess of aluminium chloride, it is necessarylo asSmno 
that this forms a similar additive compound with the toluene. . Tlje 
actual reacting components are then the two additive compounds, 
and tho rale at which hydrogen chloride is evolved will bo governed 
by the dynamic equation for a bimolecular change (coefficient = k 2 ). 

The following tables contain data obtained by Steele in experiments 
under the two different conditions referred to above. " v 


i -20 gram. 

0,11,00. 

Cl l-18j/mm. 

Molar ratii 

Toluene 2 

<7 c.c. f 

X 

*-• x ** 

1IC1 libet aktl. 

t ( minutes) 


* x/t 

2-75 

9-3 


3-38 

4-5 

15-4 

— 

, 3-13 

7-75 

24.9 

0-194 

3-23 

13-2e ' 

' 31*8 

0-190 


1(H) 

33-1 

0-200 


210 

3 Hi 

0-190 


2G-0 

351 

0-195 


00 

35-4 

— 



The numb ,.s in the fourth column under x/t show that the speed 
is constant in the early stages, but iho constancy of A 1 , demonstrates 
tho unimolecular character of the further progress o\ the reaction. 
AlClj 2-iiG gram. O ti l*:,CO . Cl 1*18 yuim. Molar rati 


Toluene 20 c 

.c. 

x — KOI liberated. 

[minutes) 

X 

Aj 

2-0 

22-5 

0-0229 

3-0 

. 20.4 

0-0270 

t-0 

28-3 

0 0281 

50 

29-2 

00200 

0-0 

30-1 

' , (i-0209 

7-75 

81-3 ' 

0-0278 

00 

35-1 

— 


Composite Reactions. In the reactions which have ( so far been 
discussed, it lias been assumed that a single chemical change 
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w j 

is involved, that this proceeds in a - particular direction and 
is moreover n tWroet process in the sense that the substances 
obtained are the immediato products of tin! interaction of the 
^’original substances. The majority of reactions do not satisfy tlieso 
conditions, iif that they usually involvo simultaneous or son- 
socutivo changes, and, as a group, those reactions may conveniently 
be distinguished from the simple reactions by the term composite 
reactions. • 

To Such - composite reactions, an important- principle applies tho 
principle of mutual independence of different reactions—according 
fcjP which, when a number of reactions occur simultaneously in «ny 
system, each of,the component reactions proceeds iv conformity 
witl#tho mass law, and as if it were quite independent of tho other 
functions. Wo have in this principle .a close analogy with that 
wliifli doferminos tho mechanical ell'yct on a particle of the simul¬ 
taneous application of a series of different forces. According to tho 
naturo of the component changes, con'iposile reactions may bo 
discussed under the head of concurrent, reversible, and consecutivo 
reactions. 

Concurrent Reactions. If tho original snhslances A and Ji 
react together so as to give rise simultaneously to two series of 
products in accordance with the*formula 

. j m A -i n I! —> p(l + </ I) 
bn A + n'JJ —> rE + sF 

• * 

we have ,&> deal with a case of t vo simultaneous concurrent 
’react ions. 

Tho general theory of such reactions has boon discussed hy 
Wogscheidor. 1 l'i general, tlio ratio of tlie quantities of tho diflbrent 
sets of products will hi* dependent on the tiino which has elapsed 
since the commencement of the reaction. Tf, however, the number 
of the molecule^.of each of tho reacting substances involved is the 
sanio for tlw different concurrent reactions, the ratios of the product.^ 
formed in the several processes will remain constant throughout tho 
whole course of tho reaction. In tho example formulated above, tho 
ratio of the quantities of tho two series of products will he constant, 
provided in in' and n — n'. 

■in regard to the actual experimental investigation of reactions 
of this class, we aro only’concerned with those in which* the, con¬ 
current reactions are limited to two or three, and where those arc 

t 

1 /.ell. phijfik. Chan., 1800, 30, &03; of. also Osl\» J 'd, Luhrbuch, 2, 2, 240; 
Mel lor, Cluyiiail Statics and Dynamics, p. (18. 
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of simple type (uni molecular or bimolecular). If we are dealing with 
two reactions, both unimolecular or both bimoleciflar, tho quantities 
of the two sets of products will remain in a constant ratio, but this 
will not be the case if pne reaction is unimolecular and tho otlieP 
bimolecular. * 

In the simplest case, where the two concurrent reactions are 
of the first ordor, as represented by 



let a be tho original quantity of A in unit volumo, x tho quantify 
transformed r after time t, y and z the quantities, of B and C formed 
after this time interval, and kn and kc the velocity coefficients of the 
two reactions, then we liavQ 


and therefore 
or on integration 


dx/dt — tty/df. + dz/dt 

(1) 

dy/dt — kn (a - x) 

(2) 

dz/dt — kc (a - x) 

(3) 

dx/dt = (kn + kt) (ft - x) 

(4) 

T 7 1 , « 

kn + kc — r In - 

t a-x 

l 5 ) 


which'is identical with tho equation for a simple unimoleculhr 
.. • • 
reaction. • 

In a similar manner, it can be shown that tho integrated fornl of 
the equation for a pair of concurrent bimolecular reactions is of the 
same type as the corresponding equation for a simple bimolecular 
change. 

From equations (2) and (3) we have 


dy'dt / dz/dt = 


dy 7 h - lc, s /kr 


IC (C) 


or the ratio of tho quantities of tho products of tho two concurrent 
^reactions is constant and equal to the ratio of tho vuiocity coefficients. 
From (5) and (6) it follows further that 4 



K 

Ah 1 



a 


»• 


a-x 


(') 


and, 


# 


*c 


•» 

1 

K+L 



a 

a-x 
• . 



and these equations furnish us with tjio velocity coefficients,of the 
separate concurrent junctions. Examples of lion-reversible changes 
of this type will ji’ow be considered. * 



OXALACETIC ACID PIIENYLIIYDllAZO^E 


SOI 


4 

Decomposition of Oxalacetic Acid. Fhenylhydrazone. The 

decomposition of* pure aqueous or acidified solutions of oxalacetic 
*acid .phenylhydrazone, when heated >at 100°, Jins been found by 
«Ton£s and Richardson 1 to yield two different products—(A) pyruvic 
acid phenylh)*lrazone, (B) pyrazolonoearboxylic acid, as represented 
by the equations 

C0 2 1I. C. CIT.,. CO.,II CO.,II. C. CIL 

II “ “ “ II 4 CO. A. 

• N. NIICJI, N.NIIC c 1I 5 

C0 2 II. C. CII 3 . CO.,11 . C0 3 ll. C. CII 3 

^>CO +II 3 0 B. ‘ 

.N-CTI, 

• Each of tho two concurrent reactions is unimolccuiar. hut the 
secofid differs from the first in that, it appears to bo catalytically 
accelerated by acids. In addition to the fact that relatively large 
quantities of pyrazolonecarboxylic acid aVo formed in mineral acid 
solutions as compared with puro aqueous solutions, reference may 
be made to the observation that solid oxalacetic, acid phenyl- 
Iiydrazone yields only pyrazolonecarboxylic acid. Furthermore, it 
fias been found that a given amount of the original substance yields 
less carbon dioxide as the amount of witer in which it is dissolved 
diminishes, and that in other Igi^j strongly ionising solvents (such as 
pyridine, toluene), the relative amount of carbonic acid evolved is 
greater, than in the case of aqueous solutions. All these facts agivo 
with ohe s assumption that reaction B is catalytically accelerated 
by tho hydrogen ions resulting from the electrolytic dissociation of 
the acid hydrazoncs. If a is the amount of the oxalacetic hydra- 
zone, originally present in unit volume of the solution, x the quantity 
decomposed after time y and z the quantities of pyruvic acid phenyl¬ 
hydrazone (or carbon dioxide) and pyrazolonecarboxylic acid formed, 
hi and kji the velocity coefficients of tho reactions A and B,‘ and // tho 
concentration of tho catalysing hydrogen ions, which is supposed to 

remain constant throughout tho reaction, then 

« 

7 T , r 1 , a ... 

JoA + kjj.H— .In , ( 1 ) 

A t a-x 

ard since x = y + z and y z — constant, 

e ' ■ 1 

therefore x/y — constant and x/z — constant. 

If now the total amount of pyruvic hydrazone or carbon dioxide 

1 Trans. Chcm. Hoc., 1002, 81, 1140. 
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formed, when the reaction ii at an end, is represented by ifao,' 

thon <*/(« - «■) = '/oo /(?/00 “ V) 

* »* 

and equation (1) may bo written in the form 

‘ 7i A + k B .ir ~\ln -• (2) 

t y*-y 

i 

The progress of the reaction was actually followed by measurement 
of the volumd of carbon dioxide evolved. The following table con¬ 
tains the data obtained in an experiment with a solution containing 
0-1 gram oxalacetic acid phenylhydraz&no in 100 c.c. of water' The 
values under y represent tho CO., evolved in c.c., being oqudl 
to 320. 

t {seconds) »/ {k A + k,.. If) . 10 


70 

no 

J-06 

330 

so 

0-90 

172 

*100 

0-05 

23(5 

125 

001 

312 

150 

‘ 0-Ss 

302 

175 

o-ss 

■ISO 

200 

0-80 

720 

250 

0-02 


From experiments with sulphuric acid solutions containing from 
xatf ib equivalent of acid per litre it was possible to obtain 
the ratio of tho coefficients kn'ku and from this and the value «.f 
(ifc.i + k/i .7/) tho separate* velocity coefficients, of the concurrent 
reactions could be determined. At 80° Am was thus found eq«.al 
to 0-0003G6 and Jc B - 0 0183., ‘ ‘ 

« < * 
Chlorination of Benzene. When benzene is chlorinated in 
presence of iodino monochlorido, substitution and addition occur 
simultaneously in accordance with the equations 1 

- (c c ii 0 + ci, - c,;ir,ci + nci a. 

iC^-t :iUl 2 -C 0 H c Cl (i B v 

c This composite reaction has been followed dynamically 1 by estima¬ 
tion of the quantity of unchanged chlorine, and of the hydrogen 
chloride fprmed, the former affording a measure of the sum of 
the two velocities, tho latter a measure of the velocity of reaction A. 
In pure benzene solution tlie eburse of tho chango was found to be in 
agreement with tlic? equation for a uniinoleciilar'reaction, but^experi¬ 
ment*, with solutions containing vdrhiljlo quantities of benzene 

dissolved in carbon tetrachloride showed that the speed <51 the 

* ( 

1 

l ii »lator, Trans. Chitn. Soc., 1003, 83, 729. 
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reaction is proportional to the benzon* concentration. For given 
confijntrations of chlorine and benzeno the speed is moreover pro¬ 
portional to the squuro of the conceitf ration o& tlio catalyst, so that 
• tin* rate of disappearance of chlorine may be represented by tlio 
equation * * * 


dm 

dt 


... j.ri 



At every stage during the reaction, tho ratio between the amount 
of chlorine which enters the benzene nucleus and that which forma 
the hexachloride remains constant, this ratio being equal to IJ !). 
This observation shows that the two reactions are both unimolcculur 
in presence of exf-ess of benzene. * 

Allien stannic chloride or ferric chloride is employed, as catalyst, 
the jiexaghloride is not formed to any'appreciable extent , whereas 
reaction B is tho only one which occiFrs under the influence of light, 
jfei all cases the course of the reaction is ,tlio same as in presence of 
iodhio monochloride, the rate of disappearance of the chlorine being 
that required by the equation for a uuimolecular reaction. Tho 
differences in the relative quantities of the two products show, how¬ 
ever, that the relitivo speeds of tho concurrent reactions may ho 

alLeivd to a very large extent by suitable variation of tho catalyst. 

» 

am 1 

• Action of Silver Salts on &5kyl Iqdides. When silver* nit rate 
acts on ethyl iodidt; inabsoluto alcoholic solution, two changes occur 
simultaneously, as represented by tho equations 1 


[CUf-.l-i AgNO. i (UI-OII - Agl + 'HNO,. t (Cjr.-),0 


CtUf.L I 

(C a ll,I •)- AgNO. - Agl 4 CJI.vNC a 


A. 

15. 


Experiments ai- 2~> show that the proportion of silver nilrato 
which reacts according t(» A amounts to 70 per e^nt., and that 
tin's proportion holds good for tho entiro course of tjio change. 
From this iL may ho inferred that the reactions are concurrent 
and of the aame order. 

The rate at which,tho silver nitrate disappears in any given 
experiment is in quite satisfactory agreement wifli the assumption 
that tho reaction is himolccular, as might bo anticipated from the 
chemical equations.» When, however, the initial concentration of 
ill®) jesting substances is increased, tlm velooily coefficient also 
increases, and from this “ft rfiay bo inferred that the reactam is 
* . 

1 Burke mid Diurnaii, Train,. Ctyin. Hue., l'JO!, 85. •j-j.'i ; Zcit. p/njtik. Chain.. 
190‘J, (JO, 11«. 
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not really of tlie second o«der. The change In magriuide of the 
velocity coefficient is chiefly due to the silver nitrate, for, in ex¬ 
periments with constant silver nitrato and increasing ethyl iodide 
concentration, slightly falling values are obtained for k r The 
observed constancy of k 2 throughout any ono experiment is there¬ 
fore due, in all probability, to the formation of some substance 
during the reaction which has an accelerating effect on the velocity 
of the change^ Of the main products of the reaction, ethyl nitrato 
and ethyl ether are inactive,,and nitric acid diminishes tho volocity. 
On tho other hand, the speed is increased when nitrates are added 
to ...the reaction mixture, although these substances produce no 
alteration in the ratio of the two sets of products A and B. From 
this it might be iiiforred that tho undissociated silver nitrato is 
the particular component which reacts with the alkyl iodide, for 
addition of nitrates will diminish the concentration of the silver ion 
and increase that of the undissociatcd salt. 

When silver lactate is substituted for J he nitrate, 1 the chemic..l 
nature of the change undergoes no alteration, the ratio of the quanti¬ 
ties of the two sets of products being the same for lactate as for 
nitrate. In the case of tho lactate, liowovor, the accelerating effect 
referred to is absent, and tho values of tho bimolccular velocity 
coefficient fall as the reaction-proceeds. 

If it is assumed that tho roaction takes place between the eth^l 
iodido and tho undissociatecf silver’ salt, the rate of change at any 
inomont may be written 


dx 'dt = li \1 - a) (ft - x) z 


(1) 


where a is tho original concentration of both silver salt and alkyl 
iodide and a the degree of electrolytic dissociation of the silver salt. 

Assuming further that tl.o ionisation varies with the concentration 
in accordance 'with the mass law, 
then 


or 


« 


(a-x) =■■ K, 




and from (1) 


dx/dt — j^ot 2 (a — xY‘ — &,(« —a;) 3 (3) 


Although a is not \orf different from unity at tho dilutions 

employed in the dynamic experiments, it will increase slightly as die 

" . » k 

reaction proceeds, and in consequence ft. = - a 2 may bo expected 

/Li' 


1 Doniij.ii and Potty, Tians. Chem. Soc., 1910, 07, 1882. 
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to incieaso somewhat (luring the reaction? The following data show 
lliat^his is actually the case : 


t ( minutes) 0 

4-2 

111 

30-1 

■is -,-7 

81*7 119-0 

* *~x . S-89 

20 

1-50 

1-00 

0 -SO 

o-oo ono 

* A'j * « — 

0-030 

0-028 

JOlO 

o-oai 

0033 o-o;i: 


Tho velocity equation assumes the same form if wo Suppose that 
the iodide reacts only with the ions of tho silver salt, but tho 
increased speed of the reaction which is observed on* tho addition 
of nitrsjtos.to th f o mixture of ethyl iodid' and silver nitrate indicates 
that t*y? active agent is represented by the undissociated silver salt. 

, Jn view of tho attempts wliicJi have been made in recent ye-.rs 
to refer organic reap*ions to interactions of ions, this. result is of 
special interest, for the reaction belwcon an ionised salt and an 
organic halogen compound may be regarded as ono in' wlivdi tho 
conditions are favourable to interionic,action. 

‘Although it might bo expected that the velocities of reaction 
between silver nitrate add the iodo-dem'atives of methano would 
exhibit a regular gradation, ex])oriment shows that this is not tho 
case. Tho velocity eoollicient for iodoform is about one-eighth of 
IJiat of methyl iodide, and the reactivity of methylene iodide, 
instead of having an intermediate value, is only about one- 

hundredth of that of iodoform. 

< 

% 

Formation of Disubstitution Products of Benzene. Tho 
nitration, sulplionation, and halogenntion of mono-substituted ben- 
zone derivatives affords an instance o( a general reaction in which 
.three concurrent changes aro involved, giving rise to the forma- 
tion of ortho-, incta-, and para-disiibsiitution products. Although 
no satisfactory explanation has been given of the marked tendency 
towards the production of disubstitution .products belonging to ono 
or other of these groups, it is evident that tho reh.iivo amounts 
of tho threo products in a particular enso are doterminid by the 
velocities with Which the corresponding reactions occur under, 
a given set of conditions. By variation of the conditions (tempera¬ 
ture, concentration, re iction medium) tho relative amounts undergo 
variation, and this must he duo to differences in tho’extent to 
which tho velocities of tho threo reactions are affected. 

Although no react ion of this kind has been examined in detail, 
the rda'five amounts of the products formed under difTcyont con¬ 
ditions have been investigated*for the nitration of benzoic arm and 

its methyl and ethyl esters. 1 Tlio proportions of the nifro- 

' l| > 

• 1 Holloman, Zrit. physik. Chan., 1899, 3i, 70. 
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substitution products 111113 be “i ^be ratio of the raie^ of forma¬ 
tion and therefore of the respective velocity coefljcients 7c 0 , k, v * and 
1c,, for the ortho-, mota-, and/para-compounds, the progress of the* 
reaction being given by the equation 

1 f 

' 1 dx/(lt - {k 0 -1 1c m + IcJ (a - x) 

• 

if the nitric acid is present in largo excess. 

In experiments at different temperatures, Ilolleman obtained the 
following percentage proportions for the three nitro-bonzoic acids: 


Temperature. 

Ortho. 1 

Mein. 

Fctra. 

—30” 

11-1 r 

850 

0-6 

0° 

18-5 

80-2 , 

1-3 

V 30° 

22.3 

T(i-5 

1 1*3 


A 

Reversible Reactions. • If the products of a chemical change 
rpact together with the formation of the original substances, and if 
this reverse chango occurs, under the conditions of the direct reaction, 
wit h a velocity which is of the same order of magnitude, the reaction 
in question belongs to the type of opposing, balanced, reversible, 
or counter mictions. The principle of the mutual independence 
of different reactions applies to such a case just as to a series -f 
concurrent reactions. Each of tho independent reactions has its 
speed determined by a certain velocity coollicient, by the active 
masse? of the molecular species concerned, and by the number, of 
.molecules which are involved in tho actual process of interaction. 

As compared with a noil-reversible reaction of tho samp order, 
the apparent speed ofsiujli a*reversible change falls off fcyire quickly 
as the original substances disappear, because of tho fact that th-oso 
substances are continuously regenerated from tho reaction products. 
Tho velocity of the opposed reaction increases wi»h tho accumulation 
of the products of chango, and sinco that of the direct reaction 
diminishes during this process, a point will ultimately bo reached 
where the velocities of the two opposed reactioqq, are equal to one 
* another. When this condition has been attained the sj’stpm i's said 
to be in equilibrium, and. so long as tho external conditions are 
unaltered. the quantities of the original anil final products presont 
will remain absolutely constant. If the reacting substances are 
mixed at the outset with the filial productsjn such quantities as 
correspond with .the equilibrium condition,, 110 change will <ako 
pla« 3 . Vhc so-called equilibrium constJifct is simply the ratio of tho 
velocity coefficients of the opposing reactions, and as sych Its 
evaluation affords Ijpt litvle information in regard to the mechanism 
of the two opposing reactions. 
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Amongst the many examples of rotorsible reactions which have* 
bt$?p investigated dynamically, those in which the opposing reactions 
are. both unimolecular belong to tho w "simplest type. If such a reaction' 
isArep resented by the formula 

* • At^.3 


and if n be the quantity* of A originally present in unit volmno 
(It being absent), x the quantity of A decomposed and therefore of Ji 
formed after timo t, k t and k\' the velocity coefficients of the direct 
and Reverse reactions, then the rato at which A disappears is given 

J>y * dx/dt — # A*,(« — x)— k'x. (1) 


When the state of equilibrium is attained dx/dt = 0, and if 
lh<% corresponding value of x is £, then k\(a - 4) — A/ £ 


or 


1 = K - t . 

l\' *a-S’ 

where K is the rquilibfluin constant. • 
I’rom ( 1 ) and ( 2 ) we obtain 

* 1 dx 


Ji'i (It 


K[a -x)-x, 


and by integration 


i t / ^ , A'o 

iCi H Z*i •—■ ' 111 . .— — . r r. * 
1 1 *L (A + i)e 


(2) 


(3) 


Since K — l\ A,', this equation may lie written so as to give tho 
values of Jlio individual velocity coefficients, and wo then obtain 


K 1 Ka , 1 1 I\a 

kx == K i t 111 Ka — (Ah l)x ? /l ' 1 " K I-1 t 1,1 Ka - (K i 1)* ’ ^ 


By substitution of. t * 

JSC - - - - in (4), 

a-i 


wo obtain 

7ii 

_ * 1 , V £ 

l - 1 ^ s. 

, , , a - $ 1 $ 

and A, -- • In t , 

a t $ - x 

( 5 )*. 

. o 1 

at £-x 

and from these 

• 

A, + k\ f 

1 . f - 

= ,In . • 

t %-x 

(6) 


It should bo observed that equation (C) bears a close resemblanco 
to the equation toy an irreversible unimolecular change. The only 
difference is that tho expression on the right-haml side ol*( 6 ) contains 
*the^uantity of tho original substance which has disappeared when 
the condition of equilihrincn is attaint . 1 , in„nlaco of the quantity of. 
tfiis substance which was initially present. *Jf k\' is small in 
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‘comparison with /;,, then $ wlil not be very different. from a and the 
equation for tho reversible reaction passes over into that for ,tho 
'•irreversible change. *’ 

If the opposing reactions are both of the second order, or if ono^f 
them-is unim^lecular and the other bimolecular, it is* possible by 
a similar procedure) to deduce equations in which x .and t are ex¬ 
pressed in terms of tho velocity coeflieients of the two ‘opposed 
reactions, but these more complex cases will not bo considered here 
from a general standpoint. *■ „ • < 


Dynamic Isomerism of Nitro-camphor and its Derivatives. 1 

Solutions of nitro-camphor or other secondary nitro-dorivutivos of 
camphor exhibit the phenomenon of mu tarot at ion*. The progressive 
change in rotatory power appears to depend on a particular grouping 
in tho molecule, for tho mutarotalion occurs in all solvents. It is* 
prohablo therefore that the change involved is an intramolecular 
transformation which is independent of aijy chemical inIcrAetioin- 
between the nitro-camphor and the solvent (Part II, p. 3-18). * 

In tho case of v-bromouitrn-caiuphor, both isomers or isodynamic 
forms have been isolated. The normal form melts at 108°, and has 
a rotatory power [a]/> — - b 1 0 in 3 33 percent. benzene solution at 1 
13‘. The pseudo form melts at 142° and its rotatory power 
[a]/> — S INS' 3 in 3-33 per cent, benzene .solution at 15°. These r 
rotation values have referwnceio the freshly prepared solutions only; 
fob each solution changes gradually in its rotatory power and in each 
ease the same final rotation is obtained |aj/,-- -f»38°. This then is 
the rotatory power of an oqhililnrum mixturo of the two iSwlyPamic 
forms, the equilibrium condition resulting from tho equality of thd* 
speeds uf tlie opposed reactions represented by 


.. / 
c s ii,ib- ( 

MX) 

normal. 


CII.NG, 


/ 


C,H, Hr 


C. NOII 

I 

\ 


psciulu. 


o 


Measurement* of the rotation of the solution after suitable time 
intervals enables the progress of tho reaction to be followed very 
conveniently. If r 0 denotes tho initial rotation of a solution of the 
pseudo form, r the rotation after time t, and ,y r/) the equilibrium 
rotation, then, si net*, a; is proportional to.(r 0 -r) apd £ to (r 0 - j, we 
may write* l . £ r 

i • r—r 


7i'| i lt\ — - In - '* 

1 1 / 4 - 


x 

4ii *» 

1 Lowry, ZVgA-s. (Jhcm. Hoc., lS'JO, 75, 1211 ; IS. A. Hcporl, 
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* * 

Irt the following table are rccord&l the results obtained with* 
n^i per cent. solution of pseudo 7r-bromonitro-camphor in chloroform 
solution at 14 °.’ *' • 


(hours) 

r r 

1 , r„-r. 

0-2 

fl8S-.‘I ' 

_ T 

0-0197 * 

3-0 

109-0 

no 

150-0 

0-019S 

7-0 

140 0 

0-019S 

24-0 

8i-r. 

o-oi !>;• 

72-0 

37-3 , 

0-0197 

81-0 

35-S 

0-0191 

90-0 

:u-o 

0-0184 

CO 

•H *» 

— - 


The concordance of the numbers in the third 'column affords 


satisfactory evidence of the correctness of tluf view that the muta- 
rotation is due to reversible isodynamic change. Whothoi^or no the 
iiftnsformation of the pseudo or the normal form is subjected to 
dynamic investigation,^ it is obvious that the value of k L k' should 
.be the same. In this particular case, actual experiment gave diver¬ 
gent values, for whereas -! was found to be 0-0188 from 
observations of the rato of transionnation of a 8-83 per cent, benzene 
solution of tho pseudo form, the con*esponding value calculated from 
the data for tho normal form was only 0-0001. It is very probablo 
that tho difference in the two Values is duo to secondary disturbances, 
• for tho isodynamic change • in question has been sho^Vn to bo 
extremely sensitive to traces of impurities. • 

In solvents wjjich contain oxygen tho velocity of the isomeric 
trar.sfoyftatiou is much greater tlfan in hydrocarbons, carbon di¬ 
sulphide, or chloroform. Bases like piperidiuo in chloroform and 
benzene solution, and sodium ethoxide in ethyl alcohol, accelerate 
tho chango enormously. Neutral salts also exert an accelerating 
effect although of mlicli smaller magnitude, and the iniluenco of acids 
is still less marked: • 

In general, Jim isodynamic chango begins as soon as thcsubstanco 
is brought into solution, but anomalous results have been found*in 
certain cases. 2 In chloroform solution, for example, normal nitro* 
camphor was found to be comparatively stable f this wgs afterwards 
found to be due 3 to tho presenco of small quantities of carbonyl 


chloride (formed Jjy oxidation of the chloroform) which converts 
An^r traces of ammonia or. other aminic impunities into inert carb- 
anndes and so destroys °fhc*r catalytic action. By the* addition of 


1 Lowry; loc. cit. " 

* Lowry and Mngfton, Trans. Chcm. Son, 1908, G3, 107. 
" Luwry and Mngson, Truns. Chcm. Sue., lifyS, 03, 119. 



1)10 DYNAMICS OP ORGANIC REACTIONS 

\ 

'small quant it ips of carbonyl.fthloride (or other acid chlorides)* tlio 
isodynamic change can also he arrested in other solvents. e * . 

* From his observations on the vsodynamic change of tho secondary 
nitro derivatives of camphor, Lowry assumes that the presenco <of 
a catalyst is necessary before tlie^change can occur. Sitclf changes, 
which belong *o the keto-cnol typo, are brought about by substances, 
all of which may be represented by tho general formula JIX *such as 
water, alcohols,sacids, amines, and bases, and the way in which these 
act is supposed to be by J.he formation of addition compounds, /rom 
which tho catalyst may be eliminated in a different way fron\*hat 
in which it entered into combination with tho original substance. <, 

• • 

Hutarotation of .the Mono-saccharoses. 1 ThS mutarotation 

• | 

•plienomepa exhibited by the mono-saccharoses aro closely similar to ( 

those which liave been referred to in the preceding sectioij. r J^he 
a- and /2-forms of glucose represent isodynamic modifications, and. 
their aqueous solutions exhibit gradual changes in rotatory power,I 
the ultimate rotation being tho same independently of whether fho 
original solution was prepared by dissolving the a- or the /i-form., 
The equilibrium mixture corresponds with what was at one time 
supposed to bo a third modification of glucose (Part £11, p. 4-i). 2 , 

Lactose shows exactly similar relationships, and from Erdmann's 
observations® on the rates of change of the two isomeric forms, it lias* 
been found 4 that (/r t -t A-/) lias tfio same value whether tho sum of tho 
velocity cocflicionts is calculated from the direct or the reverse- 
reaction. This is shown by thc 4 following data: *' 

0 ^ 


Solution of a 

-lactose. 

Solution of 0 lactose. 

t (minnftn) r 

0 81-0° 

I'i +ki 

t (minutes) 
0 

r 

39-5° 

. + tc. 

00 73-4 u 

0-00201; 

C»0 

45-8° 

0-00209 

120 07-3° 

0-00197 

120 

• 49-0° 

0-002015 

ISO l52-fl J 

0-00203 

ISO 

52-2° 

0-00212 

240 i 00-1° 

0-00209 

1 210 

03-9° 

0-00221 

co 50-0' J 

— 

CO 


— 

Moan 0-00201 


Moan 0^00213 


Within the limits pf experimental error, the nftan values of l - ic/ 

aro identical 1 , and tho requirements of theory are therefore' fully 

satisfied in this important particular. 

» * 

1 Cf. Ureclu Her., 1883, 15, 2130; 1883, 10, 2*270; 188*; 17, 1547; 18S5 18? 
8047. • . • • 

8 Lowry, Vroc. Chcm. Soc ., 1904, 20, 10S; Tan nil, Bull. Sac Chi in., 1871 15. 195, t 
849; 1872,17,802. • • 

, 3 I hr., 1880, la, 2180. * , 

* Hudson, Zuil. physilc. /Jhem., 1903,41,487. 
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Foimatioii of Lactones from y- and^-Hydroxy Acids. In pre¬ 
sent^ of m inend or other strong nci<ls, y-hydroxy butyric aciil is 
partially converted into the correspoifiling lactone, the reaction being 
•revfrsible, as represented by the formula 


CII,OH 

c CII 2 

1 

C1I 2 

/err. 

1 ^ 

0 | 

cir a 

\ .CII 3 

l 

\l 

CO.JI 

CO 


Whereas tlio dehydration of the acid appears to be a^unimolocular 
process, tlio hydration of the lactone involves thfj interaction of two 
molecules and is therefore biniolecular. Since the water i,^ present 
in large excess, However, its active nniss remains practically constant, 
and on this account the hydration may he expected to proceed in 
accordance with - the Apiation for a 5mimolecular change. In 
presence of a sufficient quantity of mineral acid, which accelerates 
both reactions to exactly the same extent since it is without inlluence 
on the final equilibrium, the reaction takes place at a convenient 
•speed at the ordinary temperature and can bo followed by titration 
of the unchanged acid by means of a standard solution of alkali. 
The following data were obtained by Henry 1 in an experiment at 25° 
with a solution containing initially 0-f?G7 mol y-hydroxybutyric acid 
per litre, normal hydrochloric acid being used as catalyst: 


(minutes) 

• 

x (in c.c. of alkali suluticv) 


0 

0 


— 

21 

211 


0*0355 

50 

4-110 


0*0374 

IT, 

«*10 


0*0382 

100 

8-11 

• 

0*0381 

ICO 

loss 


0*0382 

220 • 

11*55 


0*0370 

CO 

13*28 = 

* 

— 

• • 




In live absence of an acid catalyst, y-hy^lroxy acids are also slowly 
converted into tho corresponding lactones under the influence of tlio 
hydrogen ions which arc formed by their own electrolytic dissociation. 
Under these circumstances, the change affords an instance of an auto- 
catalysed reaction, and on the assumption that the opposing reactions 
afe accelerated in proportion to the concentration of the hydrogen 
Jons and that it is the undis&oointed acid which undergoes dehydration, 
it i» possible to obtain an .expression for tho progress of the change 
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which is also in satisfactory agreement with oxpovimenfal olAierva- 

* I 

lions (compare Henry, loc. cit.). 

Esterification. Tlfie formation of an ester from the corrosponc^ng, 
alcohol and acid affords an jxample of a reversible hiinolecular 
cliailge, as mjght be expected according to the formula 

ROII + R'CO a II R 1 C(XR + II 2 0 

When esterification or estor hydrolysis occurs in aqueous alcoholic 
solutions under the influence of an acid catalyst, the active masses 
of the alcohol on the one hand, and* of the water on the 'other, 
remain unaltered during the progress of the reaction, and in accoi> 
dance with tlfts it has been found that both estbriKcation and ester 
hydrolysis proceed at a rato which can be calculated from tho equation 
for a reversible unimolecular'change. 

° t r « 

The following data were obtained by Kistiakowsky 1 for the esteri¬ 
fication of formic acid in 41 f per cent, alcohqlic solution at 21-75 . | 

Formic acid, 0-01508 »n■<{ j er litre. IIC1, 0-0202 mol per litre. 


t ( minutes ) 

x (in c.c. of alh 

*1 


0 

0 

- 

— 

80 

1-2*5 

(52 

100 

70 

2-72 

(52 

10(5 

110 

4-07, 

(52 

1*)7 

150 

5-20 

(51 

105 

£10 

7-10 

(51 

1 lo 

300 

8-ac 

<58 

107 

00 

11-48. £ 




|l 

When ethyl formate is % liytfrolysed under the same conditions, 
values of /;, and l\' are obtained which are equal to thoso recorded in, 
tho above esterification experiment. 

From the provious discussion of esterification and ester hydrolysis 
(see pp. 279, 290) it appears*that estor hydrolysis in aqueous solution 
and esterification in alcoholic solution are changes which in presence 
of an acid* catalyst take place in agreement with the equation for 
a* non-revorsiblo unimolecylar reaction, whilst in aqueous alcohvdic 
solutions both phanges proct«d in accordance with tho requirements 
of the equation for^i Reversible unimolecular inaction. When none 
of tho reacting substances is present in large excess, the dynamical 
course of both esterification anil ester hydrolysis can only be repre¬ 
sented by tho (Ajuation for a reversible bimolccular reaction. • 

If cqui molecular quantities of otlij^l alcohol and acetic ifeid are 
iaixeif together and the volume containing the gram mole^ulai* 

Ziit physik. Ckcm. 1S&, 27, 250. 
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quantity of each is taken as unit voUuno, then the rale of ester 
foifnation will be given at any moment by the equation 

dx/dl = k 2 (1 - xf S - k./ x-. * (1) 

Since eqiriilyium is attained when almost exactly two-thirds of the 
reacting substances have been transformed into osh.r and water, 
it follow* that * 9 



x 2 

(t — .x)“ 


4 - 0 . 


( 2 > 


By making use of (2) in the integration of (1) we obtain the 
Relationship ' , 1 2 ~x 




ix 


(3) 


'fhe following table records the observations of Bert helot and 
Saipt-Gijles 1 on the speed of ester formation at the ordinary room 
temperature; from these data are*calculated the values of tho 
oeftieieut k t —.4 h/. • • 


t (days) 0 19 41 04 103 137 107 190 oo 

* 0 0-121 0-200 0-230 0-315 0-491 0-171 0-490 0-077 

*„ - 4 k« — 0-0072 0-0001 0-0053 0-0052 0-0030 0-0058 0-0057 — 


# From the scries of values, it appears that tho observed courso 
of the reaction is in satisfactory agreement with theory except in the 
initial stages. Tho apparent diminution of the speed during this 
part of the reaction is perhapS connected *v : th tho influence of the 
water, initially formed, on the properties of the acid, and, if so, tfto 
ellect'is analogous*to that which has been already noted in tho case 
of esterification in absolute alcoholic solution? 

According to Knoblauch’s experiments'- the same values aro 
obtained for the velocity coefficients k t and k./ independently of 
whether these aio deduced from observations on the speed of esteri¬ 
fication or of ester hydrolysis. 

Conversion pf Alkyl Ammonium Cyanates into 'the corre¬ 
sponding parbamides. Although the formation of carbamide froih 
ammonium eyanate has been discussed on p. 205 as* a himolecular 
non ; royersible change, this can only be justified on tho ground that 
the speod of the reverse reaction is relatively small. In the case of 
certain of tho alkyl ammonium cyanates 3 the difference in the 
velocities of the opposed reactions is not nearly st? large, and it 

becomes necessary to take *tlitf reverse transformation info account. 

m 

1 Ann. Chim. 1'hys., 18G2 (3% 65, 3S5 ; 1802 (3), 00, 5; 1S63 v 3), 08, 225. 

a y.vit. phijSik. Chan., 1897, 22, 2tf8. , 

* Walkei’uxul Appioyanl, Trans. Chan. Soc., 1890, 00, 193. 

• ft 
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For a dialkyl ammonium Canute we have therefore li *rovoi*sil»le 
reaction represented by * - 

• * /NIIR 

NII 2 R 2 CNO ^ CO< 

« \N1IR 

* 

the speed of formation of the carbamide atomy moment being given by 


dx/dt = h (a - a) 2 - Jc'x 

By integration of this and.the relation between Jc and Jc\ winch is 

i 

afforded by the state of equilibrium, namply K = Jc 7/ — - - ----and 

Jc' may be evaluated in terms of a, $, x, and t, and experiment shows 
that the decomposition of the alkyl ammonium ftyanates can be 
adequately accounted for on the assumption that the actual change, 
is the resultant of two oppose*l reactions, one of which is biiqolecylar 
and the other unimoleeular. * 

In the appended table anvgiven tlio value* of Jc and Jc' for a sOriel 
of alkyl derivatives: ’ * 


Gi/miafe 

1007: 

1007/ 

/.//:' 

Ammonium 

1 t-l 

0 -oo;i 8 

2800 

Methyl ammonium 

i::-i 

0-0022 

0100 

Dimethyl ,, 

25-:i 

0-07:1 

:ir»o 

Klhyl 

# 8-1 

0-007 

1150 

Diethyl ,, 

90 • 

0-1-1.8 

00 

/.sofliny] ,, 

9-2 

o-oo:i i 

a ooo 

7 tv-amyl ,, • 

• 111 » 

0-01 

:12 

On comparing tlio values 

of Jc/Jc' for 

the dialkyl and tlio 


spending mono-alkyl derivatives it is seen that the relative speed of 
the reverse change is nfuch greater fertile former than for fho latter. a 
In agreement with this is the fact that carbamides are no.t formed to 
any appreciable extent from the tri-alkyl and tetra-alkyl ammonium 

cyanates. • . 

€ 

Consecutive Reactions. In many reactions the number of ro¬ 
ad ing molecules, which is indicated by the dynamical data, is quite 
different from that which*corresponds with the chemicid equation. 
According to the equation foP the oxidation of oxalic acid by potassium 
permanganate in presence of sulphuric acid, 


2KMn0 4 4 6n 2 C. 2 0 4 + 3II 2 S0 4 = K 2 SO, i 2MnS0 4 -i 8IT 2 0 + 10CO 2 

it might bo supposed that ten molecules (2 -t- f> i 3) are involved,in 
tlio intermolecular transaction by \yhidi the final proddett are 
obtained. In general, however, tlio velocity curves of complicated 
reactions of this character can only b<j* satisfactorily interpreted on 
the assumption that tlio actual change which determines the velocity 
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is of a simple character, that is to say, of flie first, second, or possibly 
the $l}ird order. *IIonce it seems probable that such reactions tako 
‘place in two or more stages and belong to the group of consecutive 
feacffions. 

, Such conseefttive changes will exhibit differences according to the 
number, the relative speeds, «aml the orders of the successive stago 
reactions and also according to whether the component reactions aro 
reversible 01 * irreversible. Except in comparatively simple eases, 
the mathematical analysis of the dynamics of such composite 
reactions is of a complicated character, and in this chapter no 
a(J*mipt will bo made to consider more than the' simplest possible 
case, namely, that^oka reaction taking place in two stages, each of 
the component reactions being irreversible and unimolecular. Such 
a (change may be represented by the formula * • 

, (1) (2) . 

If, initially, a mats of A are present in unit volume, and after timo 
1 Wie quantities of A, J>, and C present are x, >/, and s respectively, 
and if A’ t and k 2 are the velocity coeTicionts of the first and second 
reactions, then, according to the mass law, 


the rate of disappearance of A is • * 

— ^ = k y x of x - aS h i 1 ,' 
the rate* of formation*of C is 



and the rate at which Ji accumulates is 


(1) 

( 2 ) 


(Ilf, dx ds 

4t ift dt 

Further, wo ha^ve the relationship 


4 

x - J;. z y. 


aM y I s — a, • 


(1) 


and from equations (1) # to (4) it can be shown that 
s = a - - —j- (h\ • e V l i l ), 

h>i l\f,f 

■ * - 


(5) 


in which the quantity s of the final product, which has'been formed 
after ahy given time interval is expressed in terms of t\e initial 
cAiceutration (j*) of the original substance and the velocity coefficients 
ft, and k, of the two consecutive reactions. 

Vy analysis of equation (5) it can bo readily shown that if tho 
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velocity coefficient of one-'bf tho component reaction^ is very much 
larger than that of the other, tho rate at which G is formed null be 
determined by the speed of the slow reaction. Without reference to 
equation (5), however, it is quite obvious that, under these ciAum- 
strnees, the/speed of the entiio change will be determined solely by* 
that of the relatively slow component, and that the rapid component 
reaction will be without measurable influence. Under these con¬ 
ditions it is to be expected that tho progress of tlfe consecutive 
reaction will be tho same as that of a simple reaction of the same 
order. In many cases, in fact, it may not be possible to distinguish 
the composite from tho simple reaction, although a distinction 
may be easjly drawn in others. If tho first st/ige in the change 
A —> li —» G is relatively very slow, tho rate at which C is formed 
will 1:j practically the same as tho rato at which A disappears, a?id 
the formation of the intermediate substance may bo masked*. On 
tho other hand, if the first stago is relatively very rapid, the forma¬ 
tion of the intermediate substance becomes very obvious, although 
tho isolation of it from the reaction mixture may not bo feasible. 

If the velocity coefficients of the successive reactions are of tho 
same order of magnitude, the'relationships are much more com¬ 
plicated. So far as tho original substance A is concerned tho matter 
is quite simple, for this will disappear in accordance with tho equation 
for a noil-reversible unimolocular change. On the other hand, tho 
rate at which O is formed depends ou the concentration of the inter- 
mediate substance li , and this is obviously dependent on the speeds 
of the two reactions. If * he'quantities of A, li, and G prcsei t in the 
mixture are plotted as a function of time, the curve for A falls 
continuously, that representing G rises, bat the Ji cwvo first rises 
and then falls, passing through a maximum. As the quantity of li 
increases from zero at the commencement of the reaction to its 
maximum value, the rate of formation of tho ‘dual product increases 
correspondingly, and attains a maximum when li is at its maximum ; 

‘ thereafter the rate of f< sanation gradually falls off. The point at 
which the v elocUy of foVmation of the final product reaches its 
maximum value'- is clearly dependent on the relation between tho 
speeds oflhe two successive reactions. 

Decomposition of Carbamide by Acids and Alkalis. An example 
of a consecutive reaction is afforded by pie hydrolytic decomposition 
of carbamide, investigated in detail by Fawcett 1 by experiments in 
sealed tubes at tho temperature of boiling water. 

1 Zeit. pliysik. Clusm., 11)02, 41, 601. “ 
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• • * 

^ * t 

The Yirst stage consists in the formation of ammonium cyanale, 
\vhidi) r in the seobnd, is converted into ammonium carbonato in 
accordance with the formulae * » 

w l. CO(NIL), NII.PNO . 

" " II. N1I 4 CN0 f 211,0 (N 11,1,00 . 

/ 

B « 

From determinations of the ammonia present after different timo 
intervals, it Appears that tho linal product is formed at/a rate which 
can be calculated from the equation for a s.imple unimolecular change. 
This iu»the case whether tho solution is acid, alkaline, or neutral, but 
tlvfl magnitude of the velocity coefficient varies considerably according 
to the nature of the ‘/dution, as is shown by the data in the following 
table i 


llifrlrolysis nj * normal carbarn Mr. 


Xatnre oj ssolulion 




I 




a — x 


,'q normnl JIC1 
J normal NaOlL 
Won tral 


102 x 10 
00 x 10 6 
0-8 x 10 5 


Ill presence of acids, the intermediate substance, ammonium 
cyan a to, is decomposed very rapidly, but more slowly in presence of 
alkali hydroxides. In neutral aqueous solution the velocity cannot be 
determined, because of t he fact that the cyanale is almost completely 
converted, in a very short time into carbamide in accordance with tho 
equation for reaction I. Since, however, potassium cyanate is decom*' 
posed w'itli considerable spiked into potassium carbonate and ammonia 
in neutral Solution, it is reasonable to infer that ammonium cyanate 
will § be decomposed with appreciable velocity under similar con¬ 
ditions. 

If the original solution of carbamide co?;tains a mols per litre, and 
if x mols have been decomposed after timo t, tho speed of carbamido 
decomposition at this moment will be given by 

dx/dt = k x (a - r) - lc x ' x] 

where J; l and aie the coefficients of tho opposed reactions in T. 
Since*in-acid solution tho cyanate is decomposed at a relatively very 
rapid rate, the actual concentration of the cyanate must bo very much 
smaller than x, and in consequence the second term on tho right-hand 
side* of tho equation *may be neglected. In dilut ; acid solution tho 
sjieod of the reaction will \hefefore bo determined by tho velocity 
coefficient of the reaction • 

CO(NIIo), NII 4 CNO.' , 
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* , * # 

In puro aqueous solutjfcn, whero the velocity of decom^ositior 

of tho cyanato is much smaller than in presence ofracid, tho cffifctivi 
rate at which carbamide is transformed will bo diminished in conse 
quence of the accumulation of ammonium cyanate and its roconveisiof 
into carbamjdo. It is probable that this operates to «dine extent ii: 
alkaline solution (compare previous tablp), but a furthor complicatioi' 
arises here in that tho carbamide appears to be directly liydrolysoc 
by solutions of alkali hydroxide without tho intermediate format ion 
of ammonium cyanate. as represented by tho equation - , 

CO(NII,,) 2 + NaOII + 11,0 T NallCO, h 2 N IT,. 

*• < » * f*a 

In agreement with this, it is found that tho speed of tho reaction 

in strongly alkaline solutions is much greater tfiaif in acid solutions, 
that is to say, greater than corresponds with the velocity coi tficiejit 
A:|. The hydrolysis of carbamide by solutions of tho alkali hydroxides 
is therefore a rather comple’x process, involving two concurrent 
reactions (direct and indirect hydrolysis), die of which takes place , !n 
successive stages. ' * 

I 

Action of’Halogens on Carbonyl Compounds. Tn reference* to 

the mechanism of the process oY substitution of hydrogen in certayi 

compounds by halogens, experimental evidence is available which 

indicates that in the case* of compounds containing the group 

: CII. CO, e. g. ketones, aldehydes, carboxylic acids and thpir 

derivatives, the substitution is not the result of a» simple process but 

of one in which two or more successive reactions are involved. 'As 

• 9 ’ 

a general rule, those carbqnyl compounds are the most easily attached 
which are known to l*e capable of conversion into their enolic forms. 
In the comparable case of tho nitro-parafllns it'lias also keen observed 
that these are not capable of being brominated directly, but are easily 
converted into bromo-deriNatives if first transformed into the isonitro 
form, corresponding with the enplic form of carbonyl compounds. 

In presence of a mineral acid, tho aliphatic ketuqes react with tho 
•halogens in dilute aqueays solution at a rate which can, be followed 
conveniently.at the ordinary temperature. When the ketone is 
present nil large ,excess, the halogen disappears at a constant rale, 
which is‘proportional to the concentration of the ketone and the 
acid, but is independent of the concentration of the halogen.' The 
fact that the* velocity remains unaltered, as l|ie halogen disappears 
froip thc*reaction mixture, indicates * hat the speed of the tiafogena- 
tion process is determined by a preliminary reaction in whiyh tfte 

1 Lnpwmtli, Trans. Chet'-. Soc, 1001, 85, ,*JC ; Dawson ami Leslie. Trans. Chem. 
Son., 1900 , 95 , 1800 . . 
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halogen is‘not directly concerned. It L therefore supposed that (ho 
first stage consists in the transfomini ion of the ketone from the 
ketonic to the onolic form, and that this jhango is catalytically 
' accelerated by the acid. This slow isomeric change is then succeeded 
by a relatiVcly’very rapid change, irr which' the enolic, ketone reacts 
with the halogen X in accordance with the formulae % 

I. CII 3 . CO. CII :5 0II 2 : C(OII). CII : . 

II. ^ CII 2 : C(OII). CII 3 h X,“-» CII 2 X.c6.Cfr a 4 IIX. 

In support of this view it may bo mentioned that the speed of the 
reaction is practically independent of the nature of the halogen. 
This is to be expected if reaction II is a relatively very rapid change, 
for the disappearance of the halogen will he determined by tho 
velocity coefficient of the reaction CII ;1 . CO. CII. —> Cf I 2 : CO. CII., 
and, if the active mass of the acetone is practically constant, this 
reaction will occur at constant spoed'wliich will be quite independent 
pf thc/chcmical nature ot tho subsequent rapid reaction. 

' Ii the quantity of halogen per unit volume is a mols at tlio start 
and x mols after time t, then 

- dr/<H - ( 1 ) 

•from which, since x — a when t — 0, 

x — a-ht. ° ( 2 ) 

1 

Tho following numbers were obtained in an experiment with 
diethyl ketouo and iodine in aqueous alcoholic solution containing 
40 Volumes per coqt. of alcohol. 1 In tho calculation of the values of 
X in the third column, k is made equal to'0-000059. 

, Diethyl ketone 0-2.; W mul per litre, lL,SO t 0-10 nx«l per litre, Temp. 25°. 


t ( minutes ) 

X (observed) 

a- (calculated) 

O 

0-00901 

(0-00901) 

.‘50 , . 

0 00727 

0-00727 

GO 

000517 

0-00550 

80 ' 

000130. 

0-00132 

105 

0-00285 

0-002St 

liO 

000201 

0-001UG 

J3 5 

0-00129 

■J 0-00108 

21 hours 

0-00022 

i — 


The reaction evidently slows down a little towards tho end, but Ibis 

is no doubt duo to tlie fact that the second stage is also reversible in 

character* although under the experimental conditions it may for 

tile sake of simplicity be treated as irreversible. t 

'• ' ** i 

Reaction between Halogens and Ketones in the absenct*of an 
Acid Catalyst. In. the absence of an acid, tho interaction between 

1 Dawson ami Wheatley, Trans. Chan. Hoc., 1910, 07, 20-18. 
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iodine and aqueous acetone .yroeeods very slowly and, at tfie ordinary 
temperature, the loss of iodine during the first tw or three day4. is 
inappreciable. As «iho reaction proceeds, the velocity increases 
continuously in consequence of the formation of the gradually* 
increasing quantities of hydrioc ic acid which accelerates V‘he primary * 
tautomeric change in proportion to tho quantity present. We have 
in this case an example of an auto-accelerated reaction. Although 
in presence of-minoral acid the rate of disappearance of tho iodine is 
only dependent on the spcul of formation of the enolic form of 
acetone, the progress of the auto-aceeleratod chango is determined 
by tho completion of a scries of three consecutive changes which may 
be represented thus: f 

I. CII : .. CC. CIT U ^ CII a : C(OII). Oil, 


II. 


III. 


CII 2 : C(OII). CIT 3 +1 2 CII J. C/ . CIT-, ’ 

X)II 


CILI.C/ .CII 3 
x OII 


CITJ.CO.CII 3 +III 


Assuming that reactions II and III aro both of high speed rela¬ 
tively to I, then the concentration of the hydriodio acid will, at any 
moment, be equal to the measured fall in the iodine concentration. 
If the solution contains c mols of acetone por litre, this being present 
in largo exc< ss compared with the io line, and x mols of iodine have 
d\sappeaied after time t, the speed of the primary tautomeric change 
and therefore that of the complete reaction will be given by 

ilx/dt = hex ( 1 ) 


or. if x y and r» aro tho values of x after times /[ and t. M , we obtain 
on integration 


k - - 


c(t,-ty) -X 


ln X J ( 2 ) 


The following data 1 show that tho actual progress of the change is 
in agreement with tho requirements of equation ( 2 }> The progress 
of tho reaction was observed by titration of tho residual iodine. 

c - 0-5*72 mol per litre. Original iodine cowcntration • 0-003070 mol per Hire. 

41 Temperature 25°. 


hours) 

mols I u per litre - 

X 

k 1 h X 

" cy-115; ” a-0()051>2 

115 

0.003384 

0-000502 

— 

MO 

0-002758 

0-001218- 

i 0-1060 

163i 

0-001616 

0-002300 

0-1050 ' ' 

170 

o-oomo 

0.002866 

0-1051 

174 

0-000814 

0-003162 

0.1043 


1 Dawson anil I’ovvis, Truns. L'hcm. Sue., 1912, 101, 1503. 
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Although these experiments show 4hut the third stage in tho * 
reflation proceed# rapidly in comparison with tho first, measurements 
of the electrical conductivity of the «olution (tho change in which is 
determined by the hydriodic acid set free) indicate that under certain 
circumstar»«ed’ r there is a very appreciable lag on the pgrt of reaction 
III as compared with II. ^Vhen dilute iodine solutions (0-0002 mol 
per litre?) aro employed, it is found that the electrical c6nductivity of 
the solutiofi increases for some time after the solution has becomo 
colourless, an<J this is no doubt duo to the time factor which is 
involved in the decomposition of the intermediate iodine addition 
pompon nd. * . 

Oxidation of Alcohol. The oxidation of ethyl alcohol by bromine 
in dilute aqueous solution 1 affords a further Example of a read ion 

which takes place in consecutive stages, as represented by the formulae 

$ • 

I. C a lI 5 OII i 31 r„ -» CII,.'COII { 2IIllr 
[ , ^ II. GIL . COII + Br 2 + II a O -> ClI,. CO a lI -I 2IIBr 

• Under tho same conditions reaction II thkes place with much 
greater speed than I, but, in contrast with the cases previously 
. considered, the velocity of the more rapid reaction is such that it can 
ho measured quite readily* under tl*» same conditions as those in 
which tho oxidation of alcohol by bromine lias been investigated. 

When the etliy.) alcohol is pf-esent i'h coi/Siderable excess, tho speed 
of Jthe first stage is solely dependent on tho concentration of tho free 
bromine, {yid diminishes continuously as the oxidation proceeds. On 
tho other hand, the speed of the second reaction gradually increases 
as 4 a result of the tincreaso in the quantity of aldehyde present. 
When the aldehyde has accumulated to such an oxtent that tho 
ratio of tho alcohol to the aldohydo concentration is equal to the 
ratio of tho velocity coefficients of tho reactions Hand I, it is evident 
that both will then proceed at the same rate, so that jvst as much 
aldehyde is produced in unit time from the alcohol as is lost by 
oxidation to acetic acid. This equality in tho speeds .of the two 
reactions is obviously dependent on tho circumstance thrt both aro 
of the same ‘ order ’ in respect to the bromine. If this wore not tho 
case, the Relative speeds would vary with tho amount of free bromine 
present at each stage of tho reaction. Tho data obtained by 
Bugui&Jky are in satisfactory agreement will! this v ; ew of tho 
oxidation process. 

■ r 

1 Bugars/ky, Zt-K phytik. Cltrm., 1010, 71, 705. 

" * Bugais/.ky, y.eit. physik. Cltem., 11)01, 48, So. 

Y 
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It is of some interest to rote that the action of bromine on ethyl 
alcohol dissolved in solvents such as carbon tetrachloride, carbon 
disulphide, and bromo.benzene i" quite different from that in water 
solutions, the main product of the reaction being ethyl acetate 
as represented by . 

i .0 2 II 5 0II + 2Br 2 - CH 3 . CO a C a II 5 + 4IIBr. 

This is also the change which occurs when bromine action alcohol* 
water mixtures containing 80 por cent, alcohol. 1 

Flioto-chemical Reactions. Many organic reactions are krl'own 
which take place only undor the influence of light. Such photo* 
chemical reactions aro of two kinds, namely those in which the 
chemical change is reversed when the light is cut off, and those which 
aro non-. eversible. In the case of certain reversible photo-chemical 
changes, tho final state of equilibrium has been found to be dependent 
on the intensity of tho light which acts on the system, and ir such 
cases it may be inferred that the part played by the light rays is not 
that of an ordinary catalyst. 

In their experiments on the photo-chemical combination of 
hydrogen and chlorine, it was sfiown by Bunsen .find Roscoe' that 
the activity of the rays from a definite source of light is diminished 
to a much greater extent in passing through a layer of the reacting 
gases than it is when ,the diglit ic allowed to pass through an 
equivalent layer of pure chlorine. Since the absorption due to tl^e 
admixed hydrogen is negligibly small, it is apparent that the photo¬ 
chemical change, which occurs in the mixed gases, is accompanied 
by tho absorption of light energy. This transformation of light 
energy into chemical energy may be regarded as the distinguishing 
characteristic of all photo-chemical reactions. 

From tho data obtained in the experimental investigation of 
a number of such reactions, it appears that tnese are in general 
unimolecular, and aro distinguished from reactions v which are not 
light-sensitive by the relatively small influence which an ^alteration 
of temperature has# on the velocity with which they take place. 
These facts have led to the view that the absorbed radiant energy is 
not directly responsible for the chemical change, but that its action 
consists in a preliminary transformation of the reacting system. 
This change, which, may consist in the intramolecular transformation 
ol' tli' molecules of the light-absorbing ttub&tance, or in the formation 

• 

1 JJugarszkv, Zeil. physik. ('hem , 1901, 38, 561. 

* Ann x Physik, 1857, 101, 251. 
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of n?olec7ilar complexes which act as ruction nuclei, 1 is then followed 
b^the chemiaal reaction proper, and if the speed of the latter is 
relatively very largo it is obvious that the rato of formation of the. 
products of the photo-chemical change will bo determined by the 
speed at VTlwch the preliminary ligjjt change occurs. 

If the system in which tho photo-chemical reaction occurs is 
homogeneous, then, according to Nernst , 2 the velocity of the reaction 
at any m(|nent will be given by the ordinary kinetio equation 

• ' v = ft.a m . j" ... -k'c 9 # 1 ... 

»■* 

( .in which 6 , ... c, d ... ftro the concentrations of the reacting sub¬ 
stances, m, n, ... p, q ... the number of molecules of the several 
substances actually involved in the change, and k and k’ aro the 
, velocity coefficients of the two opposed reactions. ,The values of. 
7j«nnd J depend on the intensity of tho light acting on tSe systom, 
•and for light of tho same kind ate, in certain cases at any rate, 

’ proportional to the iictensity. In ctyisequence of absorption, the 
light intensity varies from point to point of the reaction mixture, 
’with the result that differences in concentration, due to tho varying 
reaction velocities, occur, which can only be equalised by the opera¬ 
tion of diffusion or by mechanical mixing. On this account, it 
is evident that the velocity coefficients which aro obtained in any 
•series of experiments can only represent average values, which are 
influenced by tjio particular* conditions "under which the reaction 
'if allowed to take placo. 

Although in *the case of certqjn non-reversible changes the 
t experimental observations of the rate of •change appear to be in 
satisfactory agreement with the above general equation, it is im¬ 
probable that this can bo regarded as tho expression of the •funda¬ 
mental law of photo-kinotics. According to Luther and Woigert,* 
the ordinary dynamic equation is certainly not* applicable to re¬ 
versible photo-chemical changes* and these authors formulate tho 
fundamental la tv in tho following words—' the quantity of a substance, 
sensitive* to light, which undergoes change in a given element" of 
volume per unit of (time, is proportional to the light absorbed during 
the same time by the substanco contained in thfs volume dement.’ 

This quantitative statement is obviously one which refers only to 
Qio primary reaction in which the light rays aro directly involved, 

and dies not necessarily.dotormine tho rate of •formation of the final 

* • 

1 Cf. Weigcrt, Ann. IVtyaik, 1907 (iv), 24, 243. 

- Thcoretiscke Chcmte , Si*th Edition, Iran a. by II. T..Tizard, 1911,* 

**Zcit. physik. Ohem., 1905 , 51 , 297 ; 1905 , 63 , 385 . 

Y 2 
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l . 

products of the photo-chemical change, for the rate at which these 
are produced will l>e influenced by the relative speeds*of the primary, 
light change and any subsequent change or changes of a noil-photo¬ 
chemical character. The velocity of these subsequent changes wiV 
of course be regulated by the operation of the moss law au expressed 
in the above genoral equation (p. 322). 

As an exam^lo of a reversible plioto-chemical change which lias 
been examined in detail, the polymerisation of anthracene will bo 
considered. , 

Anthracene Dianthracene. It was observed by Fritzsfihe 1 
that a benzene solution of anthracene deposits an insoluble poly¬ 
meric substance'when exposed to sunlight. OrndoHF'and Cameron 3 
^showed that this substance is dianthracene, which is produced 
according 'to 2C 14 II 10 —» C 2 *II. 2 * 0 . According to Luther and Weigert, 3 
the change is reversible, dopolymerisation taking place in the absenco 
of light, and in consequcnco of the opposed reactions a definite ^tato 
of equilibrium is established when a solution of anthracene (or 
dianthracene) is exposed to light for a sufficient longth of time. The 
equilibrium condition is dependent on the nature and intensity of 
the light rays, the nature of the solvent, the temperature, and .also 
the concentration of the solution,. 

According to the results obtained in'oxperimenls with anisolo and 

phenetole 'solutions at temperatures IftHween and 170°, the 

dopolymerisation of dianthracene is a uni molecular chango, th,e* 

velocity of which is the same in, the presence or absence of light* ‘In 

the dark it proceeds to completion, and its velocity is incr&isotf in 

the ratio of 2-8 :1 by a rise of •'.emporature of 10° C. On tho other 

hand, fche polymerisation of anthracene is dependent on the absorption 

of light energy, and tho velocity with which this chango occurs in 

a given solvent ifnd at a definite temperature is dependent on tho 

nature and intensity of the light, file extent of tlie surface exposed 

to the light ra\ s, and the volume of tho solution, butt's indopondeqt 

of *the concentration of the anthracene. As in the case" of most 

* 

photo-chemical reactions, the temperature coefficient is very small, 
a rise of 10° G. increiising the velocity only in the ratio 1*1:1. ” 

In accordance with the above facts, the rate of progress of tho 
photo-chemical chango can bo represented by the equation 

*- ’ dx/dt — Tii - Ic'x, («l) 

K * 

’• J. prakt. Chem., ISM, 101, 337 ; :869, 100. 274. 
a A mrr. Chem. lt loiirn. t 1S5)3, 17, 

8 loc. cit. 
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ifi which x is the concentration of th<? dianthraceno at any moment, 
Jfc'*the velocity coefficient for the reaction C, S 1I 2 „ —» 2C 14 II 1( , which , 
is’ independent of the incident ligtat, and 1c t a quantity characteristic* 
of the rewrre change 2C U H 10 — » C 28 II >0 which is, moreover, pro¬ 
portional to the intensity of the Absorbed light and tlio area of tho 
light-absorbing surface, and inversely proportional to tho volumo 
of the reaction mixture. 

If x„ i?tlie dianthraceno concentration at the commencement and 
$ = ki/k' the corresponding equilibrium value, then, by integration, 


we*ohtain 


V^= hn{- X ° } 
t i~x 


( 2 ) 


o«, if tho solution contains no diauthracenq at tho start, that is, 
if x 0 — 0, then 

• • m 


.Tlio following table*shows the approximate constancy of Jc* during 
the progress of the reaction, the data givqri being the results of au 


experiment in plienetole solution at 107°. 

* 

t (minute") Anthracene (millimols per litre) 

X 

k'. 10* 

0 

37-3 

— 

— 

125 

31-8 • 

2-71 

32-2 

225 

S'J-4 

390 

21M) 

370 

27-1 * 

5-07 

£15-4 

450 

. 25-5 * • 

5-87 

28-4 

505 

21-3 

15-15 

279 

790 

. 23-0 

7-11 

20-3 

A 

* . f = 

8-12 

• 


From an examination of all tlio observations relating to the photo- 
chemical* change, lit may be inferred that dianthraceno is not an 
immediate product of the light action, and Luther and tVeigert 
suppose that intermediate photo-cliemically sensitive substances 
are formed. If this assumptiop is made, then all the facts can bo 
satisfactorily, interpreted on the basis of ono or othfcr of tho two 
following schemes, in which A — anthracene, I) — dianthracene, 
A | = ‘photo-anthracene’ and B x = ‘^hoto-dianlhraceno 


•(i) 

A 4 light —* A x ] 2A { -*iD 

slow rapid 


• t 


slow 

i 2 >. 

A + ligfit B x ; B x —> B 

instantaneous slow 1 
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Catalysed Reactions. Th r e velocities of many organic reactions 

are greatly accelerated by the addition of substances which appear’ 
"to have no other effect than that of increasing the speed of the 
chango. Acids and bases.are the most generally active^ substances 
of this character. 15 

Tho view usually accepted in regard to such catalysed refactions 
is that the catalyst forms an addition compound with one or other 
of the original reacting substances, and that tho subsequent decom¬ 
position of this intermediate substanco liberates the catalyst * and 
yields simultaneously the products of tho chemical change. Evidence 
in support of this view has been obtained, not only in the case of* 
the simple catalysts like the acids and bases, but also from a study of 
reactions in which chzymes play a corresponding part (Part III, 
chap. 65).* • 

In tlioso cases in which the vdle of tho catalyst consists* in t!ie 
formation of intermediate compounds, it jjs evident that, ^rom \ 
a dynamical standpoint, we have to doal with reactions which 
occur in consecutive stages, and that the phenomena of catalysis, 
will therefore be determined to some extent by the relative speeds 
of the successive changes in which the catalyst is involved. 

Influence of Solvent on Reaction Velocity. The speed of 
a given reaction not only depends on tlyj active masses of the reacting 
substances and on tho temperature, but varies in a'markod manner 
with the .medium in which the reacting substances are dissolved. 
This solvent influence cannot Ifc referred to catalytic acti&y, far in 
the case of reversible changes it has been shown that the stato of. 
equilibrium differs considerably according to the solvent* wlierdhs 
a true catalyst, in consequencg of tho equality of its accelerating effects 
on the opposed Reactions, would be without influence on the final 
condition of the system. . « 

In the investigations, which have had for their particular goal 
tho elucidation of the influence of tho medium, organic .roactiohs 
have been almost exclusively’*examined. The data in the following 
table suffich to show*tfiat the influence of the solvent on tho speed, of 
chemical change is not determined by the specific character of the 
solvent, for the order of the solvents, when tabulated accdrding to 
the velocities of^ one Reaction, is in general quite^ different from the 
order />btaided when a second reaction, is? 'made the basis di com¬ 
parison. , . , * 

, Under I are given th» relative velocities for tlie reaction between 
triethylumine and .ethyl iodide at 100 0 , 1 upder II corresponding 

% * i | * \ f 

1 Meqschutkin, Zeit. physik ; Chem. t 1890, 0, 41. ^ 
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numbers for the inversion of znenthono at 20°, 1 anil under III the 

values for the Conversion of the syn-form of anisaldoxime into the 
aw&'-form at 26°. 3 " * 


,1 • Solmit. 

I. 

• II. 

III. 

Methyl alcohol 

2 - 8 ? 

1-00 

• 2-07 

Ethyl alcohol 

203 

2-60 

1-86 

Isobutyl alcohol 

1-43 

4*64 

. 0-90 

Allyl alcohol 

2-40 

003 

1-56 

l&nzyl alcohol 
Benzene 

7 42 

0-38 

0-37 

• 3-14 

313 

Xyleno 

016 * 

— 

2-34 

lloxano 

0-01 

— 

— 


That the influence of the solvent on the speed varies very con* 
siderably according to the naturo of the reaction is also shown by 
# a comparison of the quantities of tho two sets bf products, which are 
formed^when two concurrent reactions give rise to the foihiation of 
.isomoric substances, as in the case'of tho action of bromine on tho 
'hom^logues of benzene, Bromination experiments have been carried 
out by Bruner and Vorbrodt, 3 in which the hydrocarbon was diluted 
with three times its volume of the solvent 'to be examined and tho 
reaction mixture kept in tho dark at 25°. Tho numbers in tho 
’ following table, which give tho fraction of tho total reacting bromine 
which enters the side-chain, show, clearly that the distribution of 
•bromine between side-chain and nucleus is vex-y largely dependent on 
’ the solvent, andj sinco this distribution is,determined by tho relative 
•velocities of the epneurrent reactions, it follows that the influe ice 
of the solvent oix the speed varies considei'ably according to tho 
particular chemical change, oven when vej*y similar reactions only 
’ a^o considered. , 


Solvent. 

Toluene. 

Ethyl benzene. 

O-Xylmc. 

p-A'ijlcnc. 

m-JTiJlcnc. 

CS, 

0-851 

1-0 


0-89 

— 

CC1 4 

•o-r>r,« 

— 

0-42 

0-C.3 

0-03 

C«H fl 

0^35 

0-90 

— 

0-11 

0-01 

CIICI, 

— 

0-63 * 

— 

— 

— 

Gil,. COjII 

, 0-U4 

0-27 

— 

l# 

— 

C # H S CN 

• 

0-22 

— 

— 

_ 

C 6 II s flCr, 

0-027 

0-15 

o-oSo 

0-02 

— 

Jt has been supposed that the velocity differences are 

Attributable 


to differences in the ionising power of the various solvents, and in 


support t)f this, it Jxas been pointed out that there is, in certain cases, 
A parallelism between the reactioxi velocities and dielectric constants 
of tho solvent media. The* view that this is the determining factor 

1 Tubandt, Anrnlen, l‘J07, 354, 259. 

*» Patterson and Montgomerie, Trans. Client. Soc., 1912, 101, 26. 

• Bull. Acad. Bet. Cracow, 1909, 221. 
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v cannot bo ontortainoil very Seriously, however, in view of the very 

ditto rent results obtained in tile investigation of diflWout reactionist. 

Although in cortaifi groups t>f solvents there is souio evidence 

that different reactions are influenced in a uniform manner Iv 

* •’ * J 
tho solvent, y?t, on the wholes the relationships nppfcift* to bo so 

erratic that it seems quite plausible to suppose that tho differences 
are duo to tho'formation of moro or less stable compounds Between 
the reacting substances and the solvonts in which th^y are dis¬ 
solved. * . , 

According to 'van’t IIoflF, tho velocity of transformation of a fc cub- 
stan*.e in different solvents is connected with tho solubility of tho, 
substance in these media, and evidence in support of such a relation- 

•j 

ship has been recently obtained by Dimrotli. 1 , 

Furllio.v experimental work is necessary, however, before any# 
definite opinion can be expressed^as to tho general occurrence*of such 
a relationship. 

Heterogeneous Reactions. In the foregoing consideration of* 
tho kinetics of clicmiCul changes it lias been assumed that tha 
system, in which the reacting substances are contained, is homo¬ 
geneous. A brief reference may now bo made to the case where tho* 
reacting substances are brought together in different states of 
aggregation, as in the action of gases*on liquids, of liquids on solids 
or other liquids, Ac. In general} such lfbterogencous reactions involve' 
a succession of changes, each of which is associated with a time factor) 
as in thfl case of the homogeneous consecutive* reactions already 
considered. • '*• * 

In the interaction between liquids and gases or solids, the actyaf * 
chemical process occurs in tho liquid phase, and the chemical change 
is therefore preceded hy a physical process, viz. t he dissolution ol‘ tho 
gas or solid in tlito liquid. • 

Tho rate ^it which the final products are formed, as represented 
by a velocity-time curve, will therefore depend Cfi tlio relative 
speeds of the consecutive physical and chemical change*. ' If tho 
chemical reaction is of high speed, tlio rate of pupgress of the change 
will be determined by the velocity of the dissolution. On the other 
band, if the chemical change is relatively slow, and arrangements 
are made whereby the gas or finely divided solfll is maintained in 
ellicient contact with >he liquid, o. g. by a suitabl^sliaking app'ifr\tu$, 
the l.Ypiid will remain in a condition of saturation with respect to, 
the gus or solid in contact with it, and, so far. as tho succeeding 

* * ■ 

1 Annalen, 1910, 377, 131. 
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• 

chemical change is concerned, the active mass of the dissolving’ 
substance will 11b constant. Where the dissolving substance is a gas, 
it is presumed that the gas pressure's constant, as would be the case 
if* the gas, ve^e bubbled in a steady stream through tlio liquid. 
Under these* circumstances the ‘ order ’ of the chemical change will 
bo the determining factor so far as the form of the velocity-time curve 
is eondbrJ’sd. * 

Comparatively few organic reactions of the heterogeneous typo 
have been invsstigated dynamically, but the .oxidation of the gaseous 
hydrocarbons by a solutiop of potassium permanganate 1 affords 
A simple example. In the table bolow are given data obtained in an 
experiment in w % hich methane was violently agitated with excess of 


a fwe per cent, solution of KMn0 4 . 

% 

ret tod of agitation. 

Volume of metliana. 

Volume change 

5 

ISO 

— 

10 

12-7 *' 

0-3 

ir> 

12-4 

0-3 

20 

* 121 

0-3 

25 

11-7 

04 

30 

114 

i 0-3 


The rale of oxidation is, according to these numbers, constant, and 

»the observed rate of change is probably determined by the velocity 

of the chemical oxidation process, tha solution being maintained in 

A saturated condition by reason of the intimate contact, between 
* . t 

the gas and tho solution and the consequent rapid rate at which the 
gnq .dissolves. 

Iri’gas reactions, whero tho nature ajid extent of the surfaco of 
solids in contact with tho reacting gases h'ave been shown to have 
a large influence on the velocity of tho combustion or other chemical 
change, it is probablo that successive processes, which may be 
grouped under tho head of lietorogoneoiis reactions, are frequently 
involved. 
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CHAPTER V 

• r 

ABNORMAL REACTIONS 
* 

f « § ^ 

Steric Hindrance. From time to time curious irregularities have 

been observed in the progress of certaih typical reactions* # These 
isolated and scattered examples have now been correlate^ and traced 
to one fundamental causo, that of steric hindrance, ^he term is 
intended to denote the influence exerted on a reacting group by the 
spatial disposition of neighbouring ^ atoms. The choice of. such ^ 
term is unfortunate since it connotes a theory which, though appli¬ 
cable us an explanation of some of the abnormal reactions considered 
in this chapter, is by no means the only underlying cause an<^ 
possibly'in some cases not Hie causo at all. f 

As far back as 1872 Hofmann found that dimethylxylidiiiQ 
(CH 3 ) 2 C c H 3 N(CII 3 ) 2 , dimetjiylmesidine (QH 3 ) 3 C fl H 2 N(CII 3 ) 3 \ am 
pentamethylaminobenzene(CII 3 ) : ,C 6 .NH 2 give littlo or no quaternary* 
ammonium compounds when heated with methyl iodide to 150°, 
and concluded that ‘ this inability to unite with mothyl iodide must 
depend upon soino kind of molecular arrangement ’ 1 In 1883 Merz'f 
and Weith 3 found that perchlorp- and perbromu-benzonitrile and hexa- 
chloro-a-naphthonitrile cannot be hy*drolysed by the usual reagents? 
and in £he following year Hofmann wade the same observation in 
regard to tetramethyl- and pontamethyl-beiizonit,vile. 



During tl;o years 1891 and 1892*, in a more extended investigation, 
Claus and his pupils showed that resistance to hydi*5lysis is greatly 
enhanced if one, and still nfore, if both ortho positions to the cyanogen 
group are substituted,by halogen alkyl or nitro ( groups. 3 
In 1889 (Tacobson 4 noticed that pentamethylbenzamide 

C c (Ce 3 ) 0 CONH 3 

< 

(obtained by the action of aluminium chloride on a mixture 
of chlorofermamide and pentametliylbenzene) completely* resists 

* t 

# 

» Jkr., 1872, 5, 713, 718; 1875, 8, 61. p • Ber.,‘ 1883, 16, 2886, 2892. 

> s Arnalen, 1891, 205, 378; 266, 225; 1892, 260, 212 ot seq. 

* Her., 1889, 22, 12*9. . 
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hy^olysis, and Claus 1 again pointed out that, liko the nitriles, many 
diortfio-substituted derivatives of ty-toluylainjde exhibit unusual 
■stability. 


» .NO, 


NO, 


CII 


,<Q ^CO. NH a ' CH 3 <^ ^>C0. NII 2 

Br N NO, » 


o-Nitro-J-bromo-p-toluylamido. 


no 2 , 

o-Dinitro-p-toluylamide. 


Br 


CH 3 <^ ^>co.nh 2 

Br 

o-Dibromo-p-toluyinm ide. 


* . * 
fjince then tho conditions which determine the hydrolysis of cyanides 

andfeamhjes have been made the subject of more careful study by 
Sudborough and by Remsen and Reid, and will bo referred to again 
(/. IMf-f. In 1890 Pinne’j a observed similar anomalies in the prepara¬ 
tion of imino-otliers from nitriles by the action of alcohol and hydro¬ 
chloric acid, which usually takes place according to the equation: 


.Nil 

1 . R. CN + C.JL0II + 1IC1 = R. Cf . HC1 

• M II \ 

. ‘ X OC 2 H 5 

Certain ortho-substituted nitriles refused to react. Neither o-tolu- 
nitrile, 24 dimethylbenzonitrile, nor u-naphthoic nitrile (which may 
be ibgarded as an .ortho-substituted compound) givo imino ethers, 
whereas /-naphthoic nitrile enters readily into the reaction. 


- CN 
/\/\ 


a-Naphthoio nitrile. 


/Wjs 


s/v 

0-Naphtlioic nitrile. 


And, again, both cyanogon groups in isophtlialic and terophthalic 
nitrile readily react, whereas in liomopiithalic nitrile only one cya¬ 
nogen group forms an imino ether. 


oh/Nth 

Honjophtlialie nitrile. 


. 4- * 

1 Annalen, 1891, 265, 364; 266, 223; 1892, 260, 208. 
* 4 Bar., 1890, 23,*2917. 1 
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Another series of observatfons belonging to the same class of pheno¬ 
mena was the subjoct of a careful study by Kelirifiann ’, who ipund 
that ortho substitution in tho quinones retai'ds or inhibits the forma¬ 
tion of oximes. Quinone gives a dioxime, m-dichloroquinone ySslds # 
a monoxime,’ and chloranil gu*es none. 9 * 


C: NOIF 



0: NOII 

Q u inoncd ioxiipo. 


CO 

ci/\ci 
\x . 

0: NOII 

m-Diohloroquinonenximo. 


•co 


Cl! 


Cl 


\/ 
*co 

Cliloranil, 


In the case of montf-substituted quinones, such as monochloroqufnone 
and tohiquihone, tho oxygen which has no ortho substituent is first 
replaced by the oxime group before tho second oxygen reacts. 


O 


(? 


il 

/i\ci 

II 

/\cn. 

\/ 

( i 

v 

NOII ' 

NOII 


In tho case of para-disubstitifted qufaones containing a halogen and 
it methyl group, tho oxime group replaces oxygan in tho ortho posi¬ 
tion to the alkyl group. Where two alkyls aro present oxygon is 
first replaced in tho oriho position to the smaller group. Exumplos 
of this are afforded by p-chlorotoluquinone and 1 thyiuoquinono. « 


0 . 

0 

cA 

c,ii,Y 

Y 11 ’' 

NPII 

KM 

H 

<NOII 


Kohrmann concluded that it is less the nature of the substituents 
(halogen or alkyl) than their presence in the ortho position to the 
quinone oxygen which interferes with the reaction. , r 

Similar*irregularities have frequently 'been observed in the formj- 


* ■® er, » 1888, 21, 8315: lb90, 23, 8557 ; J. prakt. Chem., 1889 (2), 40, 257: 
(2), 42, 184 j Bee alee Nietzki and Schneider, tier., ,’894, 27,1431. 
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tion of'oximcw from aromatic krftones. Neither phony 1 mesitylkctone, 
xylybo-tolyl ketone nor benzpinacoline react with liydroxylamine. 1 


CII, 




Cl? 


V 
. io. 


ton. 


, C U II 5 

rhenylmesityl- 
kctone. . 


CII, 

/\ 

a 

I 

CO 

I 

A.cn a 


Xylyl-o-tolylkotono. 


/\ 

\J 

I 

CO 


c(c 6 iu 

Benzpina- 

colino. 


Mhny examples of the same kind have been recently brought to 
liplit. by Baum and V. Meyer.* It should, however, be pointed out 
that fHo naturo of iho second radical attached to the ketone group 
also influences tho result, for both mesityl aldehyde and mesityl- 
glyoxylic ester readily form oximes. 

Oil, 


CTT 


cn 3 

A 

Cli‘0 


/\ 


C T 1 


JCIL 


*' 'Mesityl aldehyde. 


a \/ 

I 

CO. COOCJI. 

° ) 

Mesilylglyoxylic ester. 


Froin tho close analogy existing in structure and mode of formation 
between the hydmzonos and oximes, similar results might bo looked 
for in the action of phenyl hydrazine, an anticipation which experi¬ 
ence has fully justified. The presence of ortho substituents retard 
or prevent the reaction in precisely tho same way. On tho other 
hand mesitylglyoxylic acid, and especially its dinitro derivative, 
unite with this reagent. 8 f ‘ 

A further exam pi o of interference is afforded by tho wdl-known 
reaction between aromatic aldehydes and primary aromatic amines, 
which givo’riso to benzalanilines. Hantzsch found that the reaction 

dotk not occur with symmetrical tribromo- and trinitro-aniline. 4 

1 1 

1 IJ-mtzscli, Her., 1800, 23, 2773; Smith, J.er., 1801, 24, 4050; Beckmann and 
WVf'crhoff, Annalen, 1880, 252. 14 ; Harriett and lliil>m»r, Annalen, 1807, 280. 301. 

8 1805, 28, 3207 ; 180(5, 20, 83(5, 2504. 

•' Annalen, 1801, 264, 144. 4 JJer., 1800, 23 , 277C. 
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Furthermore, the formation of hydtazones of benzajdbhydfe with 
ortho-substitutod hydrazines, such as o-hydrazincb$nzoic acid, ' 

« C 6 II 4 (OOOII)NIINII s 

t 1 I 

is prevented, whilst the corresponding mota-compound ^readily Com¬ 
bines. * 0 * 


j v 

Victor Meyer’s Esterification Law. The majority of Ihe fore* 
going isolated examples of abnormal reactions‘were known when, 
in 1894, V. Moyer drew attention to a very remarkable case df inter¬ 
ference in the formation of esters, which has found expression in 
his esterification law. ' *' 

In attempting to prepare the methyl ester of r.iesitylcne carboxylic 
acid by the action hi hydrochloric acid on a mixtuvo of alcoho'i and 
acid id the'cold, no ester ‘was formed, although the same process 
producod a nearly theoretical yield in the case of benzoic and its 
monomethyl, 3:5-dimethyl (mositylenic acid) and 3:4: 6 -trljnethyl 
(durylic acid) derivatives . 1 This did not arise from any inability* 
on the part of mesity&ne carboxylic acid to form an ester, for it w;is 
readily obtained from tho silver salt by the action of the alkyl iodido. 
This observation was followed by the discovery tliaf. durene carboxylic, 
isodurene carboxylic, and pentametliyl benzoic acid, all of which 
contain methyl groups in both ortlfo positions to tho carboxyl, shqre 
the property with mosityleno carboxylic acid in yielding no ester with 
‘hydrochloric acid in the cold. 


COOII 


ch/\ 

CI K/ 

Dureno 

carboxylic acid. 


iCH 3 

Oil, 


coon 



Isodurcnn 
carboxylic acid. 



Pentametliyl 
benzoic acid. 


.The same thing was found to occur with diortho-sub&titinted chloro-, 
bromo-, and nitro-benzoic acids, which formed no ester, whilst 
similar feompounda with at least one free ortho position yielded the 
ester without difficulty. 

That the inactivity of the ortho-substituted acids arista from the 
position occupied J»y tho groups rather than«from their chein'ical 
natjvro, is'evident from the similar elfccV produced by both posiliye 


1 her., 1894, 37, 510, 15C0; 1895, 28, 1255,.2774, 3197; see also Gattermann, 
Ber., 1899, 32, 1117. f 
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nor, 

out) 


alkyl and Negative halogens and nitro groups. That the interference 
is “urthor determined by steric conditions seems probable from the 
behaviour of both mesityl acetic and mesityl glyoxylic acid (in which 
the carboxyl is removed from the proximity of the two methyl 
groups), for* "unlike mesityl carboxylic acid,‘they readily yield esters. 


COOH 

I 

CH, 


CH, 


I 

/\ 


L 2. 


iCIIo 


Oil, 


COOH 

I 

CO 



These preliminary observations led .V. Meyer and his j upils to 
a lflore dlaborato quantitative examination of the phenomenon. In 
estimating the amount of ester formed at a given temperature they 
adopifed the method of Fischer and Spe’ier, which consists in heat¬ 
ing a 1 per cent, solution of the acid in me'diyl alcohol containing 
2 per cent, of hydrogen chloride for two hours in a thermostat. In this 
way it became possible to detormide the relative rate of esterification 
in cases where the process was not prevented, but merely retarded. 

Kellas 1 estimated the relative quantity of ester of ortho-, meta-, 
and para-isomers of mono-substituted benzoic acids formed at different 
temperatures, and although ho found the rate of esterification *o 
increase with rise et temperature, the ortho compound always yielded 
the smal’c-t amount of ester. The foilo .ring examples, which repre¬ 
sent the percentage of acid osterified in two horn's at 51°, illustrate 
the point iu question: 



CH, 

Cl 

Br 

I 

NO, 

0 . 

48.3 

50-9 

43-4 

20.5 

8-6 

m. 

77.1 

72.0 

66.6 

57-6 

57.1 

P ■ 

75-0 

705 

61.0 

529 

67.1 


/ 

Benzoic acid =- 82-5. 




The results agree with the velocity constants (K) of esterification 
whiph .were ascertained by Goldschmidt. 2 Tlw reaction between 
acid and alcohol is bimolccular, but if the quantity oi alcohol is 
large in proportion, to the acid, the former may be regarded as con¬ 
stant in quantity, whilst the influence of tho small amount of hydro¬ 
chloric acid (2 per cent.),'Winch acts the part of a catalyst, is too 
insignificant to bo regarded. The reaction, therefore, resolves itself 


1 Zeit. phys. Chem., 1897, 24, 221. 


* Ber., 1895, 28, 3218. 
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into a uhimol ocular one, anc^the velocity constant maybe determined 
from tho usual equation for a unimolecular non-revorsible reaction. 


. I, a 

k - 7 log- 

t ° a—x 


in which ft is the velocity con&ant, t the time, a the concentration 


of the acid at the beginning, and x tho ‘‘amount of ester fqrmed in 
time t. By Seating at constant temperature and withdrawing a por¬ 
tion of the mixture at intervals, tho quantity of cfistor formed can be 
rapidly estimated by titrating the free acid. The folldwing an? some 
of the numbers obtained for ft: u 



CII 3 

Br 

NO, 

0. 

0-0111 

0 0203 

0.00A8 

m. 

0-0170 

0-0553 

0-0296 

P. 

0-0241 

0-0450 

0-0261 


Benzoic acid = 0-0428. f 

Attention is drawn to the fact that in both series of determinations 
tho effects of meta- and partf-subslitution arft not equivalent, ai*d thl 
greater esterification values in the case of the meta-compounds points 
to the existence of other factors in the phenomenon of interference 
which cannot be disregarded in locking for a complote explanation.^ 
The relativo amount of esterification of different biortho acids has' 
also been the subject of a cafeful ^tudy by V. Meyer. 1 lie found, 
for ex nipple, that no esterification took place in twelve hourb 
at 0°, or by Fischer andT Speier’s method in the case of thymotic, 
o-phenylsalicylie, mesityleno carboxylic, and other diortlio acids- in 
which both ortho hydrogen if toms aro replaced by hydroxyl or xqethyl 
groups; but that if hydrochloric acid gas is passed into the boiling, 
alcoholic solution for several hours, the following percentage of ester 
was foraged, 

‘ Thymotic acid 23-3 

* o-Phenylsalicylio ., 7fi-5 

Mesitylene carboxylic „ 64-5 • 

* Pcntamcthyl benzoic ,, 70 t 

Durene carboxylic „ CO *. . . 

t *-> 

whereas symmetrical tricliloiu-, tribromo-, trinitro*, and 2:6-dibromo- 
benzoic a* ids unde** Similar conditions remained unchanged, Van 
Loon and V. Meyer * have also shown that 2-fluoro-6-nitrobenzoic acid 
gives 2 per cent, of ester on standing for twelve hours at 0°, that 
is, under conditions which in the case of benzoic acid yield 97 par 
cent, of ester, whilst V. Meyer found tjjafc. even the ortho hydr&^en 
atoms in benzoic acid diminish the amount of ester, inasmuch* ad 


1 Ber., 1S95, 28, 1254. 


^ Ber., 1896, 20, 839.* 
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phonylacetic acid is more rapidly estorified than benzoic acid. It ' 
would, therefore*appear that whilst hydrogen, fluorine, hydroxyl, and 
. methyl retard esterification, to a greater or less extent, it is only 
completely arrested by chlorine, bromine, iodine, and nitro groups. 
V. Moyer draws the conclusion that the atomic weights or sizo of the 
groups which prevent esterification in the hot liquid are much larger 
than those which only produce this effect in the cold. 1 


Retard. 

l*rercnt. 

U — 1 

35-4 

CH S 15 - 

!*<>,,= 40 

Oil - 17 

Br .. 80 

F - 19 

I - 127 


o This view cannot bo strictly maintained; for it lias been shown 
thicfc little, if any, difference is effected by substituting a larger alkyl 
rpdiea 1 for methyl, and moreover there is little doubt that in spite of 
As comparatively small atomic weight, the nitro group has a much 
more powerful effect than the other three halogens of the second 
column in preventing esterification. 2 

A further interesting observation on the rato of esterification is the 
effect produced by an adjoining nucleus. From the fact that both 
/i-chloro- and /Ef-hydroxy-a-naphtlioic acid cannot be esterifiod in the 
cold, 

COOII 


COOII 



whereas /i-cliloro- and /Miydroxy-/?-naplitlioie acid behave liko 
benzoic acid, 

' ' 1 


/N' v ,COOII 

Jci 





/\y\ 


W 


COOII 

bn 


it follows that the CII group of the adjoining nucleus behaves liko 
an ortho fAibstituent. 5 

The effect of ortho carboxyl groups on the rato of esterification 
appears from the behavicur of the polycarboxylic acids'to resemble 


1 Bar., 181)5, 28, 12G0. ' 1 Kolias, Zeit 

„ s Ber., 181)5, 28, 125 ' 


. 'hem., 1897, 24, 221. * 
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generally that of the other gfoups. 1 Whilst trimesic and pyromellitie 
acid givo a nearly quantitative yield of noutral ester in the cold, . 


cooh/Ncocii 


COOH 

/\ 

‘ J 1 

nooc'^cooii coon 1 

v Trimesic acid. Pyromellitie acid, 

homimellitic and prohnitie acid givo a dimethyl ester 


v /'COOH 


cooch 3 

/^cooii 


COOCII 3 

l e 


COOCH a 

/N^OOII 

l^JCOOH 

COOCH, 


Homimellitic ester. Fp-Jinilic ester. 

In boiling alcohol, hov'evor, prohnitie acid gives a neutralostcr. 

The following two dibasic adds give respectively neutral and acid 
esters: 2 


Cil, 

cii.ooc/^ 


cooii 


.COOCHa , 


CII*f\ 


/\ 


|CHi 


\/ 

CII a ■ • 

Neutral estor. 


‘I 

\/ 

COOCII 3 

Acid ester. 


, % 

3-Nitro- and -1:6-dinitrophtkalic acids yield chiefly monoalkyl esters, 


/NCOOCIL 

lu,. 

. NO a 

v. C-Nitrophthalic estor. ^ 


/Ncooii 

NO I JcOOCH 3 

d : C-Diuitrophthalic ester. . 


whilst 3:0-dinij;rophthalic acid, the totrahnlogei. derivatives of ter 
phthalic and isophtlialic acid and also mollitio acid form no ester 
at a 11 .. 3 r 

1 Per, 18 r 4, 87, 1B80. * . • 

• 2 Ja; lira Weiler, Bar., 1895,28, 531. 

*’• i. ' 1895, 28,1‘197. N 
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jNO a . 

COOII , 

coort 

COOH 

/•^COOII * 

.x/^x x 

/y , 

IIOOc/NcOOII 

l /COOII 

xl Jx X 

l 

^ Jcoon 

nooc^ycooii 

NO a ' 

COOII 

* . 

COOII 

G-Dii*itrophtliaIk: 

ac*idt 

Tcl.ralialugen (X) derivatives 
of loroplitlialieliud isopliLliulii; 
acid. 

Mullilic acid. 


On Wie -otliej hand, the tetnihalogen derivatives of plithalic acid 
and 3»: 6-dicliloro plithalic acjd, as well as ^3:G-dichloro-2-benzoyl- 
bfthzoic acid and tetrachloro-2-bonzoyl benzoic acidj do not obey tlio 
esterificatioi! law, inasmuch ,*is they form mundfilkyl esters. Another 
exception is the 3-nitvophthalic acid, which, according to Marckwald 
and McKenzie," forms with amyl alcohol a little u-monoaihyl ester 
in additioli to the /2-compound, 1ml i& the anhydride the acid is 
limited Kvith the alcohol, it is the n-esler ••which is formed. This 
is trui of a largo number of alcohols/*and has received no 
explanation 

NO a 

/^COOII 

! 

l^COOR 

slur. 

Also’hfimipinic acid, which formg an acid ester in the first instanco, 

()CII ;{ 

/\)CII 3 # 

l Jcoon 
coocir, 

llomipinio monomcthyl cslnr. 

can "be converted by prolonged esterification into the neutral com¬ 
pound. 1 # 

Among the ■ hydroaromatic acids ft. is a significant* fact that 
whereas hydromollitic acid forms no ester, the stereo iso meric iso- 
hydromellitic acid forms a mo noalky l ester, tjio difference being no 
douTit dnp to a difference in the space configuration of tljie carboxyl 

«• , M 

• 

' * effacin', /}«-., 11)00, 33, 2020. « * Bur., 1901, 34, 480. 

3 McKenzies Trans. Ghent. Hoc., 11^1,70, 1135; Colic*, WoodroJTu aud Anderson, 
Traps. Chcm. Snc. 

* Wegdctttider, Monatsh., 1*05,, 16, 137. ® 

a a- • 


NO a 

/^OOOR 

l^Jcoon 

u-estcr. • 
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groups round the ring. One may suppose that, in the^irst case, the 
carboxyl groups are all on the same side of the molecule and, in the 
second, that one groify is reversed (Part II, p*. 2(>0). 

We may conclude then that the carboxyl or carbalkoxyl group; in 
spite of its atomic weight, resembles the members of he alkyl and 
hydroxyl series, rather than those of higher atomic weight, seeing 
that its effect is to retard rather than*prevent esterification. 

From the results of the abovo investigation V. Meyer formulated 
the following law: ‘When the hydrogen atoms in the .two ortho 
positions to the carboxyl in a substituted benzoic acid are replaced 
by radicals, such as Cl, Br, NO a , CIT : ., COOH, an acid results 
which can only be estu ifiod with ditlieulty or not at all.’ 

Although tho facts ascertained by V. Mqyor and his pupils aipear 
to accord very well witli tho theory of sterie hindrance, it must be 
remembered 4 hat the ester law is only applicable to a particular set 
of conditions in which a catalyst in the form' of hydrogen thlorido 
is used and that the mechanism of the" process is still obscure. 
Rosanoif and Prager* have examined tho formation of estors of 
substituted benzoic acids by heating the acid and alcohol together 
without the addition of a mineral acid and, contraiy to Meyer’® 
experience, they find that ‘aromatic acjds with tine or both ortho 
positions occupied combine with alcohols more slowly although to 
lie less extent than acids otherwise constituted’. Similar results 
havo been obtained by Michael.* 

It is a significant fact, aluady mentioned, that whereas 3-ritro- 
phthalic acid when esterified witn a catalyst yields riairly the 
a-estor, the anhydride when heated with an alcohol gives mainly the 
j3-e a f or. 

The Esterification Eadr applied to Fatty Acids. The interest 
ing resulls which havo been derived from the* studv of the aromatic 
acids suggested a similar behaviour on the part of sulistilutod fatty 

acids which possess a structure analogous to tho diortho compounds 

> % 

i 

COOII COOH 

'I I 

0 or, C 

xc/r^cx - X^I^X 1 

1 Joum. Amcr. Chem. Soc., 1008 , 30 , 1895 . 

1909 , 42 , 310 , 317 . , ■ 
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In other words, it seemed not i^nlikely* that di- and tri-substituted 

acerfc acids wouM be influenced by the esterification law. Mon- 
schutkin in 1879 1 showed that the ritte of esteflfication of the mono-, 
*di-^taiid tri-methyl acetic acids rapidly decreases in the order given 
*when alcoliof and acid are heated together in the absence of 
hydrogen chloride (autocatalysis 2 ). Liclfly, 3 4 using the same method, 
found that the increase in the ifUmber of chlorine* atoms facilitated 
esterification. The subject has received a much more thorough 
treatment .at the hands of Sudborough and his colleagues/ who have 
determined, hj the method employed by Goldschmidt, the estArilica- 
tkm constants (p. 335) of a long series of substituted acetic acids in 
presence of hydrochloric acid. The following nre the results obtained, 
in xuhich E stands fo£ the, esterification constant for ethyl alcohol at 
1*1-5° and K for the dissociation constant determined by Ostwald and 
othet-s. * 


_t_ 

I Acid. 

4 __ 

, Acetic # 

Propionic 
Monochlorncotic 
• IMiunylna-tio 
Bromacotic 
Iodacotic 
I,so butyric 
Trimethylacetic 
Dicljoi-ucstio „ 

Piphonylncctic 
‘ Ijibjromacclic 
Triclilwaeitic 
a-ik’omidy butyric 
aa-Dibromopropionic 
WYibr maefltic 
_ .. * 


Formula. 

* K- 

CIT v CUOH 

3.V.1 

CII.jRIe.f'OOlI 

3.019 

(’ll.,Cl.COO II 

2.132 

CII.,I’ll.COO I[ 

2.008 

CHgUr.COOll 

1.991 

C1M.COOI1 • 

1.713 

CHMe.,.C()Oll 

1.0190 

CMe^COOJI 

0.0909 

ciici’eooii 

0.0040. 

Cl [I'll.,.coon 

0.05580 

Clll»r a .COOll • 

0.0510 

CCI,.C(J0I1 

0.0372 

CM«-,Br.COOII 

0.0350 

CMel*.r a COOlI 

0.0212 

Cl$r a .COOIl * 

0.01 :*J5 


J • 


o.oo i,so 
0.001 .'it 

o.ir»;> 

o.i as 
O.o7.% 
o.ooi 11 
O.O0097S 
5.11 


—- • 
121.0 

a.a 


The experimental evidence dearly indicates that the rate of 
esterification is retarded in proportion to the number aiftl sizo of 
the atoms or groups introduced into the acetic acid molecule, and 
is independent of the strength of the acid as determined by its 
dissociation constant. Thu divergence from Lichty’s results, who 
found that estcrificaticfti increased with tjie strength of the acid, may ho 
due) as-in tho case of the aromatic acids, to the presence ol«a catalyst. 
Similar influences therefore affect the esterification of both fatt y and 
aromatic acids. Other contributions to the stibject of esterification 

1 Annalen, 187!), 105, 334; 107, 193. • 

I(*ilso falls off with tho greater ^complexity of the alcohol, the tertiary alcohols 
combining lestf readily than the secondary, and tlm latter li-s.s than the primary. 

5 Amir. Chen. J., 1895, 17, 27 ; 1*9(5, 18, 590. * 

4 •Tunis. V\em. Hoc., 1899, 75^ 407 ; see also Uyr, ller., 1908*41, 4303. 
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havo only served to demonstrate llifi sterie effects whieji underlie ilie 
process. One investigation by Sudborough and Llbyd Inis reference 
to unsa til rated acids “of the aci*ylic series, of *iW formula CHX : CY. 
COOII and CXY: CZ . C001I, 1 all of which can exist in cis and flans 
configurations (Part II, chap. iv). Cis acids of bUh the above 
formulae are difficult to e&terify by Fischer and Spider's method, 
whilst the corresponding frans acids are readily converted into 
esters. Sudborough and Roberts also found that saturated acids are 
much more readily estcrified than tho corresponding unsehirated 
acids. 1 

A paper 3 by Bone, Sudborough, and Sprankling on tho es tori fixa¬ 
tion of the mono-esteiw of the methyl succinic acids ‘affords another 
example of the retardation induced by the .successive introduction of 
methyl groups’. Also, Blaise 4 has shown that in ns-dimethylsuc- 
jcinic acid thp tertiary carboxyj is more diflicult to esterifjs than the 
primary group. , ’ J 

The same thing oceans with camphoric ahd homocamphoric .acid m 
which the tertiary caVboxyl remains almost completely unestorified. 5 


('IT.,—0(011.). COOII 

I 

u(cn,)., 

I 

Cll a —Oil. COOR 

Camplnjpc ester. 


(MI., -0(011.). COOII 

I 

C(CII ;i ) 2 

I 

CIT,-CII. CIL.COOR 

Jlnni'x nmpl.'oric cm!l>i-. 


From what has been already stated of the absence of any relation 
between tho dissociation constants*and rate of esterification (p. 311), 
»it is clear that the process is not determined by the presence of free 
ions* and there are mar’/ other facts which point in th same direc¬ 
tion. Tho explanation suggested by Wegscheider " assumes, that the 
ester formation is preceded by the addition of a molecule of alcohol 
and acid, 

.0 /OR,* 

R.Cf + IIOR, ■=- Ii. v Oil 
. Noil \()H 


from which water is then removed. 
« 


/OR, 
R.< Oil 
N.OII 


^ R.C 


/OK, 


\ 


+ ir.,o 


o 


1 Trans. Chcm. Soe., 1898, 73, 81. *. Trans. Chan. Foe., 190.1, 87, 1140* 

3 Trans. Chan. Snc., 190187, 034. 4 J'ampt. rani., 1S9S, 120, 753. 

B Haller, Conipt, taul., 1889, 100. <18, 112 ; 1S92, 114, 1510. * 

* Monatsh., 1895, lO, 148. 
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I m m 1 

This view finds some confirmation h* Iho fact that whilst benzoic* 
es&r forms* an «culditivo compound with sodium mothoxide, mesity- 
lene carboxylic esler docs not. • • 

#It’ is easy to conceive that the presence of large groups or atoms 
fn the neighbourhood of the carboxyl of the acid molecule would 
interfere with the interaction of tho alcohol molecule by preventing 
the fomnntion of the additive Jbompound. • 

An apparent contradiction of this viow is the fofiliation of acetals 
(by tjie actioif of - aldehydes on alcohols in prosence of hydrochloric 
acid} which Vpas studied by E. Fisfeher and Giebo, 1 t 

•* < C (i II,. CIIO + 2Clf ;J OII = c, ; Ti.,cfi(()cn :i ), +11,0 

for ortho-substituted aldehydes like 2 :5*dichloro- and 2-nitro-8:G- 
.dichloro-benzaldehyde feact more readily than 4th e unsubstiluled 
cojnpound itself; but this may be merely an example* ol steric 
hindyince neutralized by the specific effect of acidic groups, which, 
dike nitro groups in the hydrolysis of esters (see below)} ami of ortho- 
substituted cyanides (p. 315); in the reduct jon of nitro compounds 
•(p.*35Q) ,«nd in the formation of hydrazonos, assist the reaction. 


Hydrolysis of Esters. If the esterification law is based on storic 
hindrance, similar inlluences might ( be expected to underlie the rate 
of ester hydrolysis. Such indeed is the case, although there are 
notabje differences in the cliiniyctor of ester formation and hydrolysis, 
to which Tattention will be drawu. Tho rate ol* hydrolysis of muno- 
substitijted benzoic esters was examined first by V. Moyer* and then 
more thoroughly by Bellas, 3 who found that substitution in tho 
o^tho position hindors the process mpro than in tho meta- or pa fa- 
position ; ‘but whilst methyl in the tvA* latter positions retarded 
hydrolysis as compared with benzoic estet, the presence of the halogens 
and still more of tljp nitro group incroaSed it, so that $lie absoluto 
rate of hydrolysis - of both tho mono-halogen and mono-nitro sub¬ 
stituted beifzolc esters is in many cases greater than that of benzoic 
ester itself. But as a rule the general effects of ester hydrolysis run 
.parallel with those jof esterification, and in most cases tho esterifica¬ 
tion Jaw enables us to predict the result. • 

Thus $he ortho-substituted esters of u-naphthoic acid are more 
difficult to hydrolyse than those of tho /?-«ompound 9 in the mono- 
h»k>gc~i or mono-ifitroterephthalic esters the ester group iu tho meta 
, position to the substituent is first attacked ; the same ftappenj with 

•Ber.. 18&S, 31, 545. * 2 *Rer., 1895, 28, 188. 

s fe it., phys. Chem., 1897, 24, 243. * 
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„lhe nifrophthalic esters, in < which hydrolysis of tho estfor jfroup 
furthest from the nitre group takes precedence. An $xpMuation siVch 
as V. Meyer applied to esterification may he yepeuted here, for* the 
molecule of alkali may form an additive compound with the est^r 
previous to the rupture of the alcohol molecule. *, 

In regard to the aliphatic acids Reichor 1 found that the esters of 
substituted acetic acids and secondary,raid tertiary alcohols ^rp'more 
difficult to hydrolyse than those of normal acids and alcohols. 
Sudborough and Feilmann, 2 from a careful investigation of ester 
hydrolysis, concluded that two factors wore concerned iVx the process, 
namely, the cmifigm-atiow of the acid as determined by the proximity^ 
of radicals to tho carbo^yl'group and‘the strength of tlip acid,.and 
that those two factors may be opposed so that if one Is more 
prominent tho effect of the other is concealed.' * 


Hydrolysis of Amides and Acyl Chlorides. * The steric influences 
which rotat’d' hydrolysis # appear to underlie the formation or non 1 
formation of amides wjjien ammonia acts on esters, and the same 
phenomenon has been obsorved in tho hydrolysis of ortho-substituted 
acid chlorides, cyanides, and amides, as well as in the action of 
alcohols on acid chlorides. Fischer and Dillhey studied the first 
reaction in tho case of the series of alkyl malonic esters, 8 whilst 
V. Meyer, 4 Sudborough mid his collaborators, and also Claus investi¬ 
gated tho hydrolysis of acid chloriles, amides, and. cyamdes of the' 
benzene gories. Fischer and pilthoy found thai, not only did the 
presence of dialkyl groups in malonic ester t retard the formation of 
ajnides, hut that diethyl and dipropylmalonantido were more slowly 
hydrolysed than tho parent substance. 5 They explain life inactivity 
of the dialkyl malonic os torsion the ground that unlike the monoalkyl 
derivatives they cannot jissume the active tautomeric (bnu repre¬ 
sented thus: 


CO.OC..TI, 

R C \ jocji, 

■ <o»., 

f 

From a study of the aciil chlorides Sudborough 6 concludes that 
those, in which either' of the ortho positions are substituted, are 


i i 


* Anmlvn , 1885, 228, 257 ; 1SSG, 232, 103; 1887, 238, 270. 

2 iW. Chrm. Hoc.. 1807, 13, 211. ’ 3 Her.. 11)02, 35, 811. 

* B< r., 181)1, 27, 3158.< 0 3 Her., 11)02, 35, 852. 

* Trans. Chon. ,Sjy,, 1895, 07, 601. ( 
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readily decomposed by dilute alkalis* whereas those whitfi liavt^ 
a bromine dtoni in one ortho /osiiiun aro relatively more .stable, but 
where both ortliu*posjtions aro occupied by b|'omino atoms tlie com- 
lyninds stre romarkably stable and are only converted into the corre¬ 
sponding sodium salts of the acids by long-continued boiling with an 
alkali solution. 

I^liag already been mentioned that Claus ami his pupils in 1891 
and 1892 observed the difficulty with which orilumuhstituted benz- 
amides undeifto •hydrolysis. The subject attracted fresh interest 
after the diafcovory of the ‘esterification law’, and Sudboj’ough, in 
^.conjunction "with Jackson *md Lloyd, 1 submitted thg process to a 
more southing examination. The hydrolysis was effected with 30, 
5(£, or 75 per cent, sulphuric acid at lt>0°*or at the boiling-point, and 
a comparison made*oT the cpiantities ol' acid formed in a ^iven time. 
TJie results conclusively showed that ortho-suhstituted derivatives 
strongly retardetl tl*e procoss, so thill under conditions which effected 
1 almost complete liydndysis of 3 :5 and 2 :4-dibromolAmzamide only 
11 par cent, of 2:6-dibromo and 4-5 per ^ent. of 2:4:G-tribromo- 
’ benzamitle wore converted. Of the same nature are the constants 
obtained by liemsen and lie id 2 of tlio comparative rates of liydrolysis 
of ortho-, metai, and para-substituted benzamides in which the re¬ 
tarding effect of the orlhft substituuut is very evident. 

The curious observation made by Pischer* that hydroxy benzoic 
estens and amides (ortho or'pftya) aro more easily hydrolysed when 

• tlio hydrogen of tho hydroxyl group is replaced by methyl can 

scarcely^ lie due to storip iniliuvice. *■ 

• 

• Hydrolysis of Cyanides. That ‘the cyanides should behave liko 
amides on hydrolysis is a natural conclusion which tho observations 
of Claus and others on the hydrolysis of substituted benzonii riles, 
referred to in the jeifrlier part of tho present chapter, h.lve served to 
confirm. Tho subject is reopened merely to draw attention to the 
influence of the nitro group in this reaction, for it is not a little 

4 1 

significant that the presence of one, still more of two, nitro groups 

• greatly facilitates liydrolysis. Whilst groat difficulty is experienced 
in hydrolysing syw/a-trimetliylbeifzonitrile the monoj and dinitro- 
derivatiros may be completely, though slowly, converted into acids. 1 
It is clear, therefore, that the nitro grou\> plays a Special role in 

1 Trans. Claw, fyc., 1805, 07, G01 ; 1807, 71, 220, 

2 Amur. ('Mm. J., 1800,21,810. 

3 Jier., 1808, 3i, 32GG. * 

4 Kiirttor aud Slallburg, Annahn, 1801, 278 , 207. 

\ ' • * 
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jnodifyifig stone influences, a«fact which also becomes evidelit in tlio 
rate of reduction of nitro compounds (p. 350). 

« • ■ * 

Action of Alcohols on Acid Chlorides. Steric influences also 
determine the union of acid chlorides with alcohols, and^. among the 
series of menthyl esters of digubstiluted benzoyl chlorides obtained 
by the writer and Jiis collaborators, 1 if, was invariably found/ u hat 
the diortho compound requires a much higher temperature and more 
prolonged heating than the other acid chlorides to effect combination 

with menthol. , * 

% 

Formation*of Alkylammoninm Iodides. Reference has already** 

been made to Hofmann’s observation that certain tertiary aromatic 
aminos refuse to combine with alkyl iodido tg fiorjm quaternary com¬ 
pounds. The subject was re-investigated by Fischer and Winduus, 1 * 
who showed Lliy.1 it jvas clearly tlgj effect of steric hindrance. »For W 
the six isomeric xylidines, though they can ho converted into teAiary* 
basos by Noelting’s method (using methyl iocfnle and sodium carbon¬ 
ate), it is only the 2 : G-c4mpound which gives no quaternary ammo- 
ilium iodide. The same is tlie case with the differeht isomeric 
bromotoluidinesand hromoxylidinos. Moreover, Friodlander 3 found 
that 2: G-xylidiuo can, with <lifliculty, he converted into the tertiary 
diethyl compound, whilst Effront 4 could only obtain traces of the 
dimethyl tertiary base with 2-inethyl-G-ijsobutyl toluidine and methyl 
iodide at 150°. Decker drew attention to the same phenomenon in 
connection* with the o- or ((-substituted quinolines, 

t 

(1 y 

”\y\J a 

o N 

. * . • 

which, like tho diortho xylidines or bromotoluidines, wiy not combino 
with alkyl iodides. . 

A reaction not very dissimilar from the above is one which was 
examined by Schollz and Wassennann. 8 They lftnl that arylaminos • 
and uc-dibromopentane react to foVm derivatives of piperidine. ' * 

, 011 ,- 011 , 
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CII 2 . (Ul,Br 


ovv 
“ \ 


/Oil, /ClIjjBr 


« y”—3 “‘3 

IL a NC 0 H- ) - II 2 C<^ .. ^>NC ti II g + KIBr* 
'OH,—CH,, 


1 Trans. Cl,cm. Sor.. 1000. 80„1482. « 

■* 2 lhr.. 1000. 33. 315; 1007 ; are also v. Braun, Tier.. 1013, 46, 3470; 1010, 40,, 
101 ; 1017. 50. 1051 ; 1!A8, 51, 282. « , « 

3 Mounts/,., 1808, 10, <*45.« 1S£4, £7, 231?., * 5 Ber.,< J1907, 40, 852. 

* 





FORMATION OF ALKYL AMMONIU’M IODIlVES 317 


! • 

If, however, the amino is substituted in the ortho posit ibn, as j^n 
%-j;olui<line asd a-naphthylAmino, the reaction takes a different 
course and pentauitithylene diamines are Wined : 

- * * KllN.(Cir,) 5 . NIIR 

>• 

.The Alkylation of B/tses and JPhenols. Decker 1 found that 
orttio.substituted quinolines will not combine with methyl iodide, 
but readily react with methyl sulphate. The latter process, how¬ 
ever, fails frith a number of diortho-substituted bases. In tin* 
same way the mota- and pa ra-1 ly droxybenzoic acids can be alkylated 
with ease lfy means of tlife dialkyl sulphates, but no # reaction occurs 
Math saljcylic acid or with a- and /i-hydroxynayhthoic acids. 2 

Acetylation of" Secondary Bases. Paul 4 and Kromsch Wider 3 
have shown that not only does o-nitrobonzyl chloride react with 
dil^culty to form, o-nitrobonzyl-^-nit rani line wliorw the m and j>- 
conipounds readily lyiitc, but that the product obtained is proof 
aghinst acetylation. * 

NO a ' 

ft-N il robeiizy I-0-11 i U an i I i no. 

Furtliermoro, of the compounds obtained by combining ^Miitro- 
berzyl *chlori,do with the Miree isomeric nitranilines, only'the 0 - 
nitraniline dori .ative resists the introduction of the acolyl ami formyl 
grouj>. It follows therefore that the ortho-nitro grouy of tho huso 
controls the action, and from the fact that o-nilrohenzyl-o-aiiisidino 
‘gives a formyl derivative, it world seem that this action is deter¬ 
mined by the negative character of tlio* group. 

no. 2 cii ;! o 

o-Nit roltcnzyl-o-anisidine. 

» 

Action of Nitrons and Nitric Acid and Diazo-salts on Aromatic 
Armines. Steric hindrance also 3 appears to modify the action of 
nitric ,and nitrous acid and diazo compounds on oi-tho-substituted 
.secondary and tertiary bases. Thus dimethyl-o-toluidine and o- 
.imelhoxy-dimethyl aniline, unlike dimethyl aniline^ give no nitroso 
^derivatives, although.tho para position is tree. iSimibiHy o-eiibstitutod 

1 Bcr., 1906, 39 , lilt. 

* Cohen ami Dudley, Trans. C/um/'Soc., 1910, 07, 1739. 

, 3 /• praJil. Chan., 189(5, 64, 3(56. 

I * ' 
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dyilkyl rflr acetal kyl anilines £jive mcta- ami#not para-nitro'deriva¬ 
tives. Diazobenzene chloride, which reildily forms an acninoazo con** 
•pound with dimethyl unXine, reacts 1 with difficulty ^vhen an orthd- 
su Instituted dialkyl aniline is present. In theso cases the* ortho* 
substituent is supposed to influence the initial formalin of an 
additive compound which is assumed to occur between the nitrogen 
of the tertiary base and the reagent previous to substitution in* the 
nucleus. * 


Reactions of Fhenylhydroxylaliiine. Bamberger showed that 
phenylhydroxyhimine umbos with nitroSobonzene to form azoxy 
compounds, 1 and with diagobenzenc chloride to form hydroxy diazo¬ 
amino benzene. • 

C (i II,NII01I + NOCJI, = (yi-NO : N . 6 0 U : '+ 11,0 
C u H 5 NII01I + C c II 5 NC1 • N = C u II 5 N(OII). N : N . C 0 II a + IIQ1 1 ♦ 

• • • • I 

The two reactions were examined in the case of a number of 
substituted phenylliydroxylumines containing methyl groups in t<ho 
nucleus. It was found tlifkt where the methyl groups occupied” the 
ortho position to the hydroxylamino group either tlio' speed of 
the reaction or tlio amount of the product was greatly roduced. 2 
To give one example, when the unsubstitutod phenylhydroxylamine 
reacts with diazobonzone chloride a i)‘.l per cent, yield of the product 
is obtained ; the same reaction with njesitylhydroxylamine gives 
a \ per cent, yield. 


• • 


Action o*‘ Benzaldehydes on Aromatic Amines. The 'same 
explanation may serve to explain tlio non-formation of triphenyl- 
methane derivatives when mp*m between aldehydes and o-sufystituted* 
tertiary Tiases is attempted. 'J’lie reaction, which occurs according 
to the following scheme, • 




/ 

C.H..CHO i ac,n 3 H(cnj, - c^.ir.cor N __ 

X_ )>N(CIT :1 ) a 


i IT,0 


is effected by attachment of tho aldehyde carbon to the para-carbon 
atom of the amine, add there is no obvious reason why ortho substi¬ 
tution should produce steric hindrance unless some kind of additive • 
compound with*the tertiarjj nitrogen is assurygd. * * } * - 

f * 

1 Angoli, Guzz. Chim., 1910, 40, ii, 07. 

2 l{;o ii Lory or ami lii.-.ing, A unalen , t'Joi; 310, 257. 
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. If, in place of a tertiary amine, a primary aromatic amine is sub¬ 
stituted, it is tl^e wi-substitufton which hinders the reaction. Whilst 
o-toluifline reacts readily with p-hitrobenzaldehyde, the nt-compouml 
“does so with difficulty. We must suppose hero that the aldehyde 
carbon attaches itself directly to the para-carbon of the nucleus. 
TI jit tho reactions with [frimary am? tertiary bases should afford so 
curiou's a contrast in behaviour is somewhat striking. 


Action ol* Aldehydes on Pyridine Bases. It is well known 
that aldehydes combine witli «- and y-alkyl pyridine ant} quinoline 
bases. Kiinigs 1 found that, if formaldehyde is vised, the three 
hydrogen atoms of tho methyl group ,majf all bo replaced by 
•arbinol groups thus: ‘ 

\ /\ 


V 

1ST 


)cu. 


\/ 

NT 


(CIIjjOII)., , 


This occurs only if the ortho position to tho motliyl radical is 
unsubstituted, otherwise only two carbinol groups replace (ho 
hydrogen and this applies to a- and y-inethyl quinolines. In tho 
latter caso tho benzene nucleus may play tho part of an ortho 
substituent and resembles in this respect the effect of tho nucleus 
on the esterification of u-napidhoic acid. 


Fojfjnation of Rosanilines. Tho difficulty of combining aldehydes 
with meta-substilutcd bases reappears in the formation of tho rostmi- 
dines, in which p-toluidine is oxidised in presence of primary aromatic 
amines, a reaction which in reality resolves itsolf into a combination 
of aldehyde and amine, thus: 

"Mi l, . cy i /Ti. { f- o, - Nir a . cyi,. gtio+ u.,o '* 

NIIo. C ; 11 4 . Clio + 2C ( ;1I 5 NIL -t o 

X / nii = 

= NII 2 . C 0 1I 4 . C(OlY) 4 ILO 

Nil, 



# In tho example given, both p-toluidine and aniline may ho replaced 
<hy other amines', hut Noolting has shown that if, in ^>lace of aniline, 
meta-amines like m-toiuidi’ie and nymm-m-xylidine ih-o substituted, 
fho reaction does not take place. Tho reason from tho stereochemical 


t 


» Bcr., 1899, 32, 223, 3599 ; 1898, 31, 2304. 
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standpoint h clear enough, when we consider'that the motliyl group 
in the meta position to the carbon stands in the ortho position to the 
*' para-carbon with which the aldehyde group always interacts. The 
' argument might bo advanced that rosaniline derivatives, having 4 ' 
mcta-substituted groups are incapable of existence, but tfcis is met 
by the fact that indirect methods have been successfully used^*;n 
their preparation. *' * 

Many other examples of storic hindrance might b t e gjivon, but wo 
shall limit ourselves to two more: the action of phosphorus pe*ta- 
chloiide an hydroxy-acids, and of ammonium sulphide on nitro 
compounds. * 

• * * 
Action of Phosphorus* Fentachloride on Hydroxy-acids;. 

Anschutz 1 and his‘pupils have shown that tho ordinary course of 
tho reaction between phosphorus pentachloride and hydroxy-acid*’- 
is usually presented f>y the followAig two equations: * 

/Oil . /Oil * 

c 0 n + rci 5 .= c 0 n / + roci., -i nci 

xiooii x coci 

/OH A). foci, 

C,.II 4 < + FOCI. = O 0 ll 4 < + Iici 

\C0C1 , XJOG1 

If, however, tho two ortho position^ to the hydroxyl are occupied as 
in o-metliylsalicylic a*id, the phosphi/rus oxychloride produced no 
change in tjio hydroxyl group. «, 

CII ;{ _C’llj « 

/ Noil + FCl fl --= / Noil + FOCI, + HCi 

_ \ _ / , « \ _ / * « 

• OOOII • OOC1 

t ' 

Reduction of Nitro Compounds. The writer, in conjunction 
with I). McOandlish, studied the action of ammoifium sulphide on 
a variety of substituted nitro derivatives of benzene. 31 was in¬ 
variably found that, although tho presence of acidic groups facilitates 
reduction, the nitro group was more slowly attacked by the reducing 
agent if it occurred in the ortho position to a methyl or ester gropp, 
than when prdaent ii? tho rneta or para position. 

Chain Formation. r J:he subject of steric ljindranco would* 

scarcely be complete without some reference* to the enormous maiSs 

of dotafied research which has been accumulated by Bischoff an*' 

his collaborator on chai )| formation or conditions affecting the 
•• » 

1 Ik/., 185)7, 30, 2J1. 2 Trans. Client Hoe., iq,05, j37, 1307. 
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lining of simply constituted compounds. In carrying out these* 
re^irclies he has been guidfd by what ho terms the ‘ dynamic 
hypothesis’which is*moroly an e.'rtension oFthe principle of steric 
1 And ranee, and may be explained as follows : as the atoms or groups 
in a molecule are assumed to be in a stato of, vibration or oscillation, 
a reaction will lie determined by the aftiount of free space accorded 
to the* Amstituent groups undergoing reaction or forming part of 
the new molecule. The interaction will then be* detain ined not 
onlyjjy flic groups adjoining the reacting; constituent in each of the 
molecules, as^suggested by V. Meyer, but also by the disposition of 
•the groups in the resulting product. Tins second condition plays 
an import.fht role, according to Bischoft'; for h«i supposes the atoms 
ii*a chain to assume,?, curved arrangement (p. 171)) so that in a chain 
*of 5 or G atoms the first and last will bo in either proxymity than 
tlftj lirt-l and third or the lirst and fourth «1' the chaiiy 



The groups attached to the fifth and sixth atoms of tlio chain, 
which are formed tlio critical positions , will therefore be a deter¬ 
mining factor equally with those attached JLo the reacting groups. 
As in tli(3 ‘ esterification law ’ the chemical nature of tho molecules 
is not taken into account. 

-We cannot pretend to review the whole of ’Clio materials; blit it 
may be~|>ointed out that steric influences, though not always con¬ 
sistent wit); iSiscliolFs hypothesis, are throughout clearly in evidence 
as factors determining chemical change. A few oxamples must 
suffice. , 

tiodium malonic ester and sodium acotoacotic ester react <avith 
tt-bromo-fatty esters as follows: 


/COOOjlI, CII(C30C,II 5 )o 

-GIINa< +C,ILBr.COOC.,II, | “ “ + NaBr * 

\COOC a H- . . CII,.COOC,II- , 

'.Oil,. C(ONa): Oil. C00C..II, + CII,Br. 0000., IT-, 

" “ - 011“. 00. CII. OOOCJI+ NaBr . • 

I J 

01b,. 0000,11, 



arc* Abnormal reactions 

* In the product of tlie first reaction ^he longest uninterrupted chain 
of carbon atoms is four, in that of tne second reaction, five, or in 
other words, the second^reaction involves one of the critical positions, 
which should manifest itself in a diminished yield. Again, by 
introducing alkyl groups into the reacting group of tin fatty acid 
or into that of malonic and aoetoacotic ester, free vibration of these 
alkyl groups would ho affected and a diminished yield should again 
follow. Tl.p experimental evidenco agreos substantially with tho 
results anticipated by tho theory. Malonic estor reacts more readily 
than acetoacetic este” or than its own alkyl or dialkyl derivatives, 
and moreover it reacts more readily with a normal than with an 
iso bromo fatty acid, and finally the two react more readily tho 
shorter the carbon chain in the alkyl grpups*. For example,cif 
sodium methyl malonic ester and u-bromo isobutyric osier are boiled 
together in alcoholic solution, tho reaction proceeds abnormally In 
tho following manner, in which, instead of the u-carbon, *C becomes, 
linked to tho malonic ester molecule. 


COOK *OTL, COOK 

II I 

CII X -Na 4 BrC. COOR CII.,. C- Oil., CII. COOK + NaBr 

'I I I " I 

COOK CII, COOK CII 3 

1 

In xvlono solution, however, the reaction takes ils normal course. 

Similar experiments have been carried out with a oories of sodium 
alcoholatw and substituted phenalos on tho ono hand and u-bromo 
fatty acids on the other with much the same general result. 


R. ONa + BrCIT,. COOaiI 5 - R. O. CII 2 .0000*11, + NaBr 


For oxample, whilst sod mm o-nitrophenate and a-bromopropiouic 
ester combine in a normal fashion, , 


/NO., /NO.. 

C,,1I 4 < “+CII a .CIIBr.COOR = C u lI 4 < /Oil, +NaBr 
^ONa M3-CII - 

\COOR. 

no reaction occurs with ..-bromo isobutyric ester. , T 

Another reaction of a similar nature is the union of substituted 
aromatic amines containing radicals in the nucleus its well as in tlio 
amino group with 1 bromo fatty acids according to T tlio equation: 


C (i II .NIL + Br. OIL. COOC a lI, - C.JI-NIL OIL. COOCJI, 4 IIEr 


In the last three reactions Bischoff includes tho oxygen a. d 
.nitrogen atoms as part of 1 ho chain. 

In reviewing tlic foregoing results it must bo admitted that a 
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%png case has be^i nifllb out for tho principle of &toric hindrance.* 
^p s the sam$ tiiftem fact, which has been frequently emphasized, must 
not be overlooked, namely, the presence of certain groups which by 
tloir chemical nature counteract certain expected changes. In 
illustration|pf this, itjhas been pointed out by Stewart' that*the 
formation of bisulphite confpqunds of ketones is determined by the 
nature" «f the radicals attached to tho ketone gropp; tjiat whilst 
the inoreasc in tjie size of the hydrocarbon radical Retards, tho 
prcs%ncja.of dtrboxyl facilitates bisulphite formation. 

■A^fain, Au^era and Perkin lind that, whereas n\etliylacrylic acid 
condenses readily with sodium malonic ester, dimethylacrylic acid 
gives a ^ory small yield, and trimethylacrylic acid refuses to react. 
TWs may be merely a cjjso of the positive alkyl groups affecting tho 
*whole character of the compound and not necessarily ono of interfer- 
erifce^juet as tho additive power of olefines for hrominejs diminished 
by the attachment of negative groups, such as carboxyl, ester and 
* pheijyl groups, ov bromine atoms to the doubly linkcd’carbons. The 
conouft'ont influences of position and character of the group are not 
always easy to differentiate, but for that very reason the conclusion 
that an apparently anomalous reaction4s to be placed to tho account 
ofsteric influences should be made with caution. 


It must bo confessed that we are still profoundly ignorant of the 
change which substituents effect in the character of the moleculo as 
a whole, the causes which detcVmine tho rules of orientation, tho 
l'eason why positivo group., like methyl and amino groups facilitate 
nitrrtior, sulphonation, acetylation by the Friodcl-Crafts motliod,- 
<S.c., why negativo groups assist liydr*.lysis of cyanides, reduction of 
nPrfi groups, acetal formation, &c., and a host of other phenomena 
of a similar nature. Until clearer vicgvu obtain on these subjects it 
can ^scarcely bo hoped that real progress will be made on tho naturo 
of chemical change The expression ‘storic hindrance’ meantime 
affords a u^efu 1 if not\ury appropriate title for docketing a number 
of allied phenomena. • !( 
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Abnormal reactions, 330. 

Acceptor, 122. 

Acot;-Is. 4 J5; formation of, 313. 

Acetic acid, 2; esterification constant, 
3 /l 

’Acetic ether, 6, 9, 11, 16. 

An-toacelic ester, properties of, 222; 
synthesis of, 220; formation of, 228. 

A .otosuccinic ester, 191. 

r Acetyl radical, 15. 

Acetyl acetone, 233. 

Aw'tvlcjvjlopropano crv’.oxj lie acid, 

19?. 

j’Acctyh-hloranilido, 278. 

1 Acetylene compounds, reduction of, 
165 ^structure of, 73. 

• Aoetylideno compounds, 73. 

Acids, affinity constants of, 336, 311 ; 
esterification of, 311, 266; molecular 

* weight olj 8; reduction of, 167; 
■structure of, 71 synthesis of, 1S8, 

196, 213. 

Aeonitic acid, structure of, 82. 

Aeyl chlorides, action on alcohols, 
346; hydrolysis of, 314. 

Addition, 111; of .. -online, 116; hy¬ 
drogen, 116 ; hydrogen cyanide, 203 ; 
hvdro^’l, 119; nitrogen tc.roxidc. 
1 lA; nitrogen trioxide, 119 ; nilrosyl 
cldoritle, 119; ozone, 119. 

A'ddition products of, aldehydes, 128; 
carbon sUhoxidc, 129; etheiioid 
compounds, 113; ketones, 129; 
.ketones, 128; tliinldehydcs, 128; 
tliioke,tones. 128. 

Additive reactions, 1* 1, 201. 

Adipic acid, 188 

Affinity and valency, 107. 

Affinity constants of organic acids, 
336, 341. 

^Affinity, primary and^-.ccondary, 101. 

Alear^in, 13. 

Alcohol, constitution of, 2, 6, 9, 10, 11, 
16, 41. „ 

Alcohols,' synthesis of, 188, 196, 20 1 , 

,•-10; oxidation of. 321; action of 
•jcid f’hloridcs, 346. 

f Aldehydes, formation of, rJ6, 212; 

* Jjednction of, 166. 

Aulol condensation, 174, 237t 

Aldoxiuic , synthesis of, 189, *16. 

Aliphatic aminos, 168; * diazoamino 
compounds, MB.* , ' 

t 


Alkylammoniiim cy analej*transforma¬ 
tion of, 313. 

Alkyh.uunonium iodides, formation of, 
346. •» 

Alkylation of lia^ps, 317; of phenols, 

si 7. 

Alkyjglutaconic acids, isomerism of, 
78. 

Alkyliodidos, action of silver salts, 303. 

Aluminium chloride, as comieusing 
agent, 195. 

Aliiniiniuin-merciiry^’oupl •, 198, 199. 

Amide radical, 16. 

Amities, hytlrolysis of, 331. 311; syn- 
l Iiesis of, 211. * 

Amines, synthesis of, 170. 

Ainino*a/'ilien/ene, colour of, IIS. 

Ammonium cyanalo, Iraiisformation 
of, 295. 

Am; 1 alcohol, 15. 

Anh, lritles, reduction of. 167. 

Anyiracene, hydridt>s, 16)6, 170; poly- 
merisaliou of, 321. 

Aromatic acids, hydrides, 169; syn- 
thcs’is of, 196. 

—- aldehydes, synthesis of. 196. 

— ahloximes, syn! Iiesis of. 196, 

-- bases.^action of nitrous ami nitric 
acids, 317; of dia/.o salts, 317; of 
bc.iy.al loliyde, 318; reduction of, 
168. 

— compounds, 15. ,s 

Aro.batic hydrocarbons, formation of, 

195; reduction of, 167; synthesis 
of, 1S8. 

— - ketones, synthesis of, 195. 

— series, substitution in, 149. 

Atomic number, 58, 97. 

— rolraclivity, 85. 

— volume. *85. 

— weights, of Berzelius, 3of Dumas, 
3 ; of Gcrhardt, 27. 

Atoms, molecules anti equivalents of 
Laurent, 30. 

Antov illation, 121. 

Autoxidator, 122. 

Auxiliary valency, 90. 

A / i in ill 116 en/one, 265. 

Azo colouring matters, reaction* velo¬ 
city, 291. 

• * 

Barred atoms, ft, 48. 

Base, 2. 
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Slasic water, 7. 

Basicity of acids, 23, 28. 

Beckmann’s reaction, 255. § ( 

Beer's law, 64. 

Bcnzalacctnne, 117. 

Bciizalaniline, formation of, 333. 

Benzaldehyde, abnormal reactions of, 

318, 319. 

Ben/enc, 15; from acetylene, 201; 

chlorination of, $<}2. 

Benzoic aci^. 1, 7 ; radical of, 1, 11. 

Benzoin condensation, 245. 

Benzoyl acetone, 233. 

Boiizoylscctoplienone, 233. 

Benzoylbonzoic aciiji, 197. 

Benzoyl hydroperoxide, 123. 

Benzpinacono, 246. 

Benzylideno acetone, 239. 

Benzyhiilpliinic acid, 198. 

Binary compounds, 8. 

Bisulphite compounds of ketones, 123. 

Bivalent ct.rbon. 65. 

Bromination, dynamics of, 327. 

Bromindoxyl, 1S7. 

Bromine, addition of, 116. 

Bromotripbenylmothyl chloride, 62. 

Buchner-Curt ins reaction, 291. 

Bulyrobutyric ester, 225. 

Cacodyl, 12. 

Cadet’s fuming liquid, 12. 

Camphoric acid, esterification of, 312. 

Cainphoronic acid, synthesis. 219. 

Carbainido, decomposition, 316. 

Carhithionic acid, 211. 

Carbon, bivalent, 65; inertia of, IOS; 
plaslieit.*' of, 10‘j; tervaleut, 59; 
valency of, 56. 

— bonds, equivalents of, 83. 
suboxide, 129. 

— -nitrogen, chain formation, 251; 
ring formation, 257, 258; stability 
of, 255; substitution methods, 25-1; 
additivo methods, 255. 

-oxygen, i .lain formation, 268; ring 

formation, 268. 

Carbonyl compounds, action of halo¬ 
gens, 318. 

Carbopyrotritaric ayid, 270. 

Carbyloxime, 71. 

Catalysed reactions, dynamics of, 326. 

Cat lysis, applied tt> ether formation, 
44. 

Catalysis, metals, 154; metallic oxides, 
169. 

Catalytic reactions, 1G2; condensation, 
173; lialogcnation, 172; oxidation, 
171 ; veduc.ion, 162. 

Chain formation, 174 ; carbon-carbon, 
171; carbon-nitrogen, 251; c.trhon- 
oxygen, 268; effect of s.cric hin¬ 
drance, 350* 

Chclidonic acid, 272. 


Chomical^ypcs, M. # 

Cliloral, 6, 1.5, 16 w • 

Chlorination of benzene, vclocit/»6t, 

302. 

Clilo. oacctanilide, 278. 

Chloioform, 6, 15. © 

Cbloronaphthonitrile, Vydrolysis of, 

330, - 

Chioronaphtlioic acid, esteri^umion 
of, 837. 

Cliloroquinoneoximos, formation of, 

33$. 

Chrysin, 274. r 

Cinnamic acid, synthesis of, 210 v 
Cinn mic aldehyde, 2 _,9. • 

Cinnatnyl radical, 12. ® 

Citric acid, synthesis of, 218. 

Claisen reactions, 235, 238. 

Colloidal metals, 162. 1 

Comanic acid, 272. 

Comenic acid, 272. 

Composite rc.i tions, 298. / 

Compound radical, 11, 13, 16. 
Concurrent reactions, 299. 
Condensation processes, 174 ; catalytic 
173; by addition, 201; exten al, 175; 
internal, 176; nature of, 176; by 
removal of carbon dioxide. 200; by 
removal of halogens, 188; by re¬ 
moval of hydrogen, 18 7 ; by removal 
of hydrogen eh loride, 194; with ring 
formation, 175; by union of carbon- 
carbon, 174. 

Condensation processes, acctoaeo.tic 
. ester, 220 ; aldol, _37 ; benzoin, 215; 
pinacone, 216, magnesium alkvl, 
208; zinc alkyl,'206. 

Condensed types, 47. 

Conjugated compounds, 26. 32 
Conjugated double bonds, 131}. 
Conjunct, 32. 36. 

Consecutive reactions, 31*. 
Constitution of organic acids. 22, 35; 

of organic compounds, 36, 39. 
Contravalenoy. 58. 

Co-ordinate nui bur, 92. 

Copper, condensing agent, 199. 

Copula, 32, 36. 

Copulated compounds, 37. 

Coumalinic acid, 272. 

Couinarin, 248 

Crossed double bonds, 137. 

Cyainicctie arid, properties of, 190, 
192; aflinity constant, 71. 
Cyanamide, polymerisation of, 174. 
Cyanides, structure of, 67. 

Cyannic acid, polymerisation of, 1 7 4. 
Cyanogen radical, 12. 

Cyanogen chloride, polj mcri-atior of 

174. 

Cyclic 'oinpounds, action < f reagents, 
181 ; evidence of, 182 ; formation <,«, 
178, 192,>200. 2CJ; i lability of, 181; 



.INDEX OF SUBJECTS 


357 


gyntlicsis of, 192f transformations 
%f,183. * • 

Cy«tlic ketones, synthesis «f, 200. 

Cy debutant*, 182, 183, 193. 
tjjyclobutnnol, 181. # 

Cyclobutene,,JS5. • 

Cyclobutylangne, 184. 
Cydoljutylmetliylainine, 181. ■ 

Cycmheplanc, 186, 247. • 

Cyclohexlldiono, 185. 

Cyclohexane, 166, 169, 170. 185, 1S9; 

derivatives of, 191* 191, 197. ’ 

Cyclohexane carboxylic acid, 226, 227. 
Cyclohcxauol, 166, 167. 
£ycRfhoxiinono^*60. • 

•Cyclehexylamine, 170. 
CycMicxyhnethylaiuiue, 1S4. 
Cytdo-noiiane, 186. • 

t'^do-ocladienc, 186. 

• Cycle-outline^ 186. * 

Cyelo-pnrallins, action of reagents, 

"*s(4= %heat of cmidaistion, 182; 
properties of, 187 ; synthesis of, 185, 
I 189,200. 

* Cyelopeutaiie, 185, 200; dcnvativi sof. 


E13, 4J00. 

> Cydopeutamd, IS 4. 

Cyclnpcntauoiic, 250, 253. 

< 'yelopentene, derivatives of, 184, 238. 

* Cyclopropane, 182, 185, 1S9. 

■ carboxylic adds, 180, 193, 204. 
Cyclopropyl carbine!, 184. 

Dtdiyd race tic acid, 273. m 

Dehydration, 170!* * 

Dehydrogenation, i59. 

*Dis»retosuccini« estdr. 191. 
Dialkylm^lonic enters, action ^of am- 
nitnia, 34-1. 

Dia/oamino-com pounds, conversion, 
*286; synthesis, 215. • 

Dia/o-comp&iinds, action on aromatic 
;wnines, 347 ; on phenylhydroxyl- 
.amino, 318; velocity of decomposij 
t*on, 293. 0 / 

Diazoles, 258. • 

Diazoinetluine, svnthotic use, 201. 
Dibasic ao’rfls, synthesis, 1S8; dec- 
'trolysis^ 200. * 

D i be 11 za liicet o ne, 239. 

.Dibenzylidenc acetone 239. 
Ifieydtfhexylamine, 168. 
Dibyflroeamphene, 166. 
Dihydroeafveol, 167. 
Dibvdro^sorcinol, 2§6. 

Iroxyleroplithaljp ester, 225. 

D isobutylene, 187. . 

* Diketoapocainpboric,acid, 227; a . ( 
(DU'etocyclopentano dicarboxylic acid, 

227. * * * 

Diketonnsf t90, 200. #■ 

ftimetbylacrylic acid, condensation of, 
353. * 


Dimethylmesidinc, 330. 
Dimothylsucciniu acid, 192; esterifica¬ 
tion of, $42. 

*Dimcthylxylidinos, mothylation of, 
330. 

Di-ortho acids, 334. 3(0. 

Diphenyl Mher, 200. 

Diphem hnethane, 213. 
Diphenylnitride, 65. 

Diphenyl prop! on ic # ae id ,201. 

1) ssoeiation constants of organic adds, 
311. + 

Ditolyl, 199. 

Double bond, conjugated, 132; crossed, 
137 ; theory of, 74. 

Duro(|iiinone, 211* 

Dunklin acid, 331. 

Dynamics of organic reactions, 275. 

Eleetroffhemieal theories of valency, 
96. . • 

Electrolysis of adds, gO0. • 

(electronic theory of substitution, ICO ; 

of valency, 97, 98. 

*Klect runs. 97. * 

Enzyme lmlroljsis, 289. 

Efpii valoiu'c of cat bon bonds, 83. 
Esterification in alcohol solution, 290; 

dynamics of, 312. 

— •nnslants, 335, 3-11. 
law, 334. 

i Esters, hydrolysis of, 287,. 313; syn¬ 
thesis of, 213. 

Ethane tetraearhoxylie. aeid, 19!. 
Ktheuoid compounds, 113. • 

Ethylene bond, 132; crossed, 137; 

stereochemislrytlf, 75; I Henry of, 71. 
Externa* condensation, 175. 

i'\iradav*s law, 57. 

Fatly stcids, esterification of, :y 1, 

Fun toll’s reagent, 172. 

Ferrfc chloride, condensing agent, 195, 
Foilnaldehyde, condensation of, 213. 
Formylhippuric acid, 23* 
Forinylphenylacutic ester, 227. 

Free valencies, 77. 

Friodel Ivrafts reaction, 195; velocity 
of, 297. t 

Fiiiminie acid, structure oil 71. 
Fiirfuraldehyde, 269. 

Fulfilrane, 268. * 

Furl u role, 269. 

tilutiiftonie acids, 7S, 

(ilyeerol, 2, 8. 

(Hyoxaliatcs, 262. j 
Urignard's reaction, 203. 


Hnlogcnfttion, catalytic, 172. 

Halogen carriers, 173. 

Halogen coqi pounds, reduction of, 1C3. 
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Halogens, action on cthenoid com¬ 
pounds, 318, 319. 

Ileal of combustion, of olefines, 75; of 
paraffins, 75. 

Hemininllitic acid, esterification of, 
335. 

Ucnupiniu acid, esterification of, 539. 

Heterogeneous addition, 151. 

11 exan icf h v I lie n /one, ‘205. 

11 exaplicny letliaiio, 05. 

Historical introduction, 1; references, 
55. 

IIomoe,ainphoric acid, cstcrifieati-n of, 
312. 

Homologous compounds, 30. 

Homoplithalic liitri.e, hym'olvsis of. 
331. 

Hydrindoiic, 197. 

llydrolien/.oin, 21(5. 

Hydrocarbons, syntliesi.f of, 195, 210. 

Hydrochloric other, 9, 11. 

Hydrogen, addition of, 11(5, 

11yd rogen cyanine, addition of, 105;' 
st ruel ure of, t59. 

Hydrolysis of acyl chlorides, 311 ; of 
amides, 311; of cyanides 315; of 
esters, 279, 287, 313; ofsuewose, 287 ; 
by enzymes, 289. 

Hydroxy acids, 195; action of phos¬ 
phorus chlorides, 350. 

Hyd roxyaldtdiy des, 195. 

llydroxvanthraipii none, 172. 

Hydrnxyhoii/yhilcohnl, 213. 

Hydroxy], addition of, 119. 

Hydroxylaminc compounds, synthesis 
of, 215. 

Ilyd ruxyme'tliylene/’.unphor, 235. 

— compounds. 235. 

llydroxynaphthoio acid, esterification 
of, 337. 


Imina/olcs, 2(52. 

Jiiiiiioefhi'rs, formation of, 331. 

Indole, 1 <58. 

1 ndnxyl, 187. 

Internal eondensnlion, 175. 
liitiaiiioleeular ioni/at.ion, 99. 

— isomeric change, 177; velocity of, 
27s. : 

Ionic molecules, 99. 

Ionou», 239. 

Ironef240. 

Isaectopl nrone 244. 

Isobutylene, 187. 

Isoeamphoronic acid, synthesis n,, 203. 
Isocyanidos, additive compounds, (iti; 
structure, of, t '5(5. 

Isome.ic/changc, intramolecular, 177; 

velocity of, 278. 

Isomerism, 9. .i 

lsojihenylcrotonic acid, 219. 

Isopirlegol, 210. 


Kclcnos, 1-9. 

ICet i mines, 132. 

Keto-onol tajitomurism, reaction velo¬ 
city, 320. 

Ketoi es, addition products, 128; 
actkgu of halogens, 318; reduction 
of, 1(5(5; synthesis of, 1^5, 207, 213. 
Kelonic acids, 201; syntnesis of, 21(5. 

uo 

Lactones, formation of, 311. 

Law or Duloirg and Petit, 3; of even 
nm.ihers, 28; o f mass action, 275; 
of substitution, 17. 

Malic acid, 2. 

M a Ionic ester, properties of, 191, 

Mass action, law of, 275. 

Mechanical types. 21. 

Mecoruo acid. 272. 

Melamine, (74. 

Mellitie acid, hydrolysis <■>, 539. 
Mcntbane, 1(50. 

Merca[ifaiis, lij, 1(5, 

Mercury fulminate, 71. 

Mesilylaeeiic arid, 335. ’ c 

ih'sityl aldehyde, 333. * 

Mesitylono carboxylic acid. 330. 1 ‘ 
Mesityleiiu from mcthylacntylene, 202. 
Mi .sitylglyoxylie arid, 333, 335. 

Mesityl oxide, 238. 

Mesilyloxido oxalic a-.lor, 227. 
Metalam.niiic compounds, 92, 91, 102. 
Metallic cyanides, (57. 

Metals, colloidal, 102; used in reduc¬ 
tion, 1(54. 

Methoil of, .se« KoapJ/nn of. 
Metliylcyclobutaiie,, 185, 189. 
MelliylcjVcIoJiexaue, 181. 
Metliyleyclopentane, 181. u 
Metbyldehydropcntone carboxylic 
ester,-.191. 

Methyl lurfurane, 107. ; 

Methyl granatiuiue, 18(51 
Mixed types, 18. 

itudern structural formulae, 202. 
Molecular eomj.opnds, 93. 

Molecular types, 21. 

Alulecular weights, i f dcr/'dius, 3; of 
Du.nas, 5; of organic acids, 8; of 
(icrhardL and Lament, 30. 

MoloXtde, 122. 

Morjdiium, 8. t 

Mutarotation, dynamics of, 310; of 
nionosaccharoses, 310. 

't 

Naphthalene-diamine, 253. 
Naphthalene hydrides, 111(5. 
NaphtVi'-.cs, 100. 

Nap'nthol hydrides, 10(5. 

Negali 1 e-positivo rule, 114. 
Neiilr.iL,rilIiiiities, 99. 

New theory <:f types, 41. 

N itrile.s, hyi{ rolysis^ol’, 251. * 
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jv ltfocamphor,dynamicisotribrism,308. PhAanthrcno hydrides, 104. % 

N>fro-ronipoiAids w 167; reduction of, Phenols, production of, 106. 

330. * * Phcnyhitnino-benzoic ncid, 199. 

Nitrogen totroxide, addition of, 119. • PhonyIan^lic acid, 251. 


* t trloxidb, addition of, 119. a 

, lfitroplithali^ acids, osterili<-ati<|n of, 
<138, 

Nitrosyl ehloAde, addition of, 119. 
Noi^ndar compounds, 104. * , 

Non-ruVersihlo reactions, polymole¬ 
cular, 279; teriuolocular, 281; uni- 

molecular, 277. • • 

Normal valency} f>8. * 

Nucleus 1 theory Laurent, 18. 1 

»• % 

•©ctylaldol, 238. * 

Oil *f Dutch chemists, 9. 

— of wine, 9. 

0*)fiant gas. 9, 16. 

•Olefines, 116; reduction off 165. 

Order of a r<*hetion, determination of, 
4S82; initial volocity. # motliod, 283; 
isolation, method, 285; method of 
etjuifractional parts, 284 ; velocity 
coefficient method, 2S6. * 

Organic acids, constitution of, 23. 

— analysis, 8. 

Organic chemistry in 1830,8; 183C- 
1810, 15. 

— synthesis^ 9. 

reactions, dynamics of, 275; nature 
of, 107. 

Organo-metal lie compounds, 35,37,205. 
Origin of lho radical theory, 1. 
Oxalacetic acid, pheiiylliydraJfcne, 
velocity of decor position, 300. * 

•Oxalacolie ester, 216, 227. 

Oxalic. a<£d, 2, 7. * 

Oxalic ester, 6, 9* 

Oxamethane, 10, 16. 

Oxidation, action on alcohols, 321 ; 

catalytic^ 171. 

0/#ue, addition of, 119. 

Ozonides, 120. 

O;»triaznlos, 263. S 

• J * 

Paraffins, 36; lieat of combustion, 75; 

synthesis of, *88, 205. 

Partial valencies, 133, • „ 

Pentahr^nobenonitrilo, hydrolysis of, 
330. ’ 

Pautachlorohcnzonitnlc, hydrolysis of, 
3:*f . 

Pentamethylaminobenzeno, mothyla- 
lion njfsSO. s 

Ikxtamcthylbcnzauude, hydrolysis of, 
;? 30 . • • 

Pentamolhylbcnzoic acid, <&erificn- 
; tion of, 336. • * 

* Ff-ntumethylbcnzonitrile, hydrolysis 

of, 330, 

IPctroloum, American, lGp; Caucasian, 
165; Aaliciifn. yio. % » 


Phenylcrotonie. acid, 250. 
Phonylcyelohoxylamine, 168. 

Phony Id iliydroxyresorcyelic ester, 203. 
Phenylglycinecarhoxylic ester. 199. 
Phenylhydroxypivulie acid. 250. 
Phenylparaconic lactones, 250. 
PlAoroglueiiiol trmirhoxylie ester. 226. 
Phorono, 238. 

Phosphorus chloride, action on by- 
droXyaclds, 350. 

Photochemical reactions, 322. 

Pinacono ■v*iulom^li<fn, 2-16. 

Pinanc, 166. 

Piprt idine, 170, 255. 316. 

Platinum compounds ol’Zei.se, 10. 
Polar compounds, lot. 

Poly basic acids, theory of, 23. 
Polymerisation, 473; action of light, 
• 174. * • 

Pol vniolecular non-reversible react ions, 
. 279. 

Positive negative rule, lit, 191. 
Primary ^ffinity, 101. 

Primary alcohols, synthesis of. 207. 210. 
Primary nuclei, 18. 

Principal valency, 90. 

Pr«piopropionic acid, 224. 
Pscudoiononc, 239. 

IVrudnpuUctieriiic, 186. • 

Puligomenthol, 166. 

Pyr:y.ole, 255. 

Pyrazolo compounds, 201, 253. • 

Pyrazolidouo compounds, *261. 
Pyrazolone confyotmds, 2C*. 

Pyridiifc buses, action of aldehydes, 
349. * 

Pyromflconic acid, 272. 

Pyromellitic acid, esterificati<y.i of, 333. 
Pyryfnucic aeid, 270. 

Pyrono compounds, 271. 

PyWritaric acid, 270. 

Pyrrole compounds. 259* 

Pyrrolidine, 257, 259. 

Pyrrolidone, 259. 

Pyrrolino, 259. 

Quadrim/’ecular reactions, 281. 
Quinitol, 169. * * 

Quinocarhonium salt, 63. I 
Quinol, 62. | 

Quinoline, storic hindrance, 319. 

— tci rah yd ride, 16 S. 

Quiuonu di-imiue, 140. 

Quinon^imino, 146. 

Quinonoximes, formation of/v‘h‘5^- 

ltadioaL of benzoic acid, 1 ; simple 
and compound, 3; attempts ii 
isolate, 34; polyatomic, 49. 
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JJ.ulicjiltVlieory, origin of, 1; grJ.vlh 
of. If* 

Reaction of Buchner-Curtins, 204; 
Claiseu, 235, 238; Omm-irowu and < 
Walker, 200; Frank land, 20G; 
Freund, ISO; Friedel-Crnfts, 195, 
297 ; (ii'ignaid, 208 ; lloftuanu, 185; 
Ipatiow, 108; Kekulu, 188; Knoevo- 
nagel, 211; Michael, 202; Perkin, 
192, 218; Perkin, jr., 189, 192; 
Kelonnatsky. 21*7*; lteimer - 'Ole - 
maim, 195; ftahatier Senderens, 1G1; 
Thorpe, 252; Ullmaun, 199; Wis- 
licenus, 188, 189; Walker,'200; 
W urtz, 188. 

Reaction.s, additive, J.11, 20'., action of 
solvent, 326; biinolecular, 279; cata¬ 
lysed, 32G; catalytic, 102; composite, 
298; concurrent, 299; consecutive, 
314; heterogeneous, # 328 ; noii-re- 
vorsible, 277 ; order of, 282;' photo¬ 
chemical, 322; juAyinolecukir neii- 
roversihlif, 279; reversible, 300; ter-) 
molecular non-re versi bio, 281 ; types 
of, 109; unimoleciilar non-reversible, ( 
277 ; velocity of, 277. , 

— of unsnturated compounds, 111 , 
201 ; of ketones, 128. 

— abnormal, 330. 

Reagent of Fenton. 172. 

Reagents, action of, 180. 

Reduction, catalytic, 1G2. 

— of acetylene, 166; aeids, 1G7; alde¬ 

hydes, 1GG; anhydrides, 1G7 ; aro¬ 
matic bases, 1 G 8 . £ 

—'aromatic hydrocarbons, 16G; cy¬ 
anides, 107; halogen compounds, 
168; isoCjOnides, 16 # ; ketones, 166; 
nitro compounds, 167 ; ob-liiics, 165 ; 
Oximes, 167; phenols, 166; un¬ 
saturated acids, esters and Retones, 
167. r 5 

Residues, tlieory of, 26. 

Reversible reactions, 305. 

Ring structures, action of reageiits, 
180 ; earbon-nilrogeii, 257 ; earbon- 
oxyg.ut, 268; evidence of, 182; 
formation of, 178; stability of, 179; 
transformation of, 183. 

Rosanilines, lornmtion of, 319. 

Rule of Crum-Brown and Uihj'on, 149; 
of Markownikotf, 111; of Michael, 
114 1 of Yorliinder, 150* 

, » 

Sabinukolono, ill4. 

Sabineue, 220. 

Salicyl radical, 12. 

Secondary alcohols, synthesis, of, 20G, 

210. (i *' 

— bases, acetylation of, 347. 

Sols copules, 27. 

S'odamide, as eomlonsuig agent, 233. 

St eric hindrance, 330; pi ester forma¬ 


tion, 3.%4, 340; in hydrolysis of 
amides, 331, 34+ ; of noyl chlorides, 
341; of byanides, 331, 345; ( t]ie 
union of afcyl chlorides and alcohols, 
34(i; formation of alkylaiumonium 
iodides, 316; acetylation of socomlaiy - 
bases, 317 ; action oF nitrous and 
nitric acid and diazouium salts on 
aroibatic amines, 347; actio/: of 
a'hloliydes on pyridine buses, 349; 
alkylation of bases and phenols, 347 : 
action of bcnza|dehydo on aromatic 
amines, 333, 348; action of plios- 
t pborus chloride oo hydroxy-acids, 
350; formation of rosanilines. ‘*49; 
action of plionylliydroxylaminu oif 
nitrosobenzene, and diazou.ium 
salts. 318; hydrolysis of esters,‘343; 
reduction of iiitro-eompounds, 350 ; 
chain formation, 350. 

Stcric hindrance, theory ..of, 342, 351 ; 
theory of Victor Meyer, 334; of 
Wegschoidc^, 3*2; of (Bisi.lioff, 
350. 

Strain the«.-y, 76, 178. 

Structure of acetylene compounds; 73; 
aeonitic acid, 82; cyanides, 6 /; fill - 
minic acid, 71; liydrogen cyanide, 
69; isocyanides, 66 ; triphenyl- 
liiethyl, 60. 

Substituted acetic ar.'ds, esterification 
of, 341. 

1 Substitution, electronic theory, 160; 
in aromatic compounds, 149; in 
boa zone, 150; theories of, 17, 152; 
Velocity of, 305. 

Succiiiosueciuic ostpr, 225. 

Sucrose^,hydrolysis of, 287. , 

Suiphovinic acid, 9, Jfl, 14. ! 

Sulphur acids, synthesis of, 211. 

S\ ntlieys, aeetoacetic ester. 22t.'; acid: , 
195; acyl chlorides, 197-; alcohols, 
188, 196, 207, 210; aldehydes 196, 
212 ; amides, 212 ; aromatic hyd'ro- 

j carbons, 188, 189; cyclic compounds, 

'185,192; oycio-parallins, 185; diazo- 
iiuiino-compoufids, 215; esters, 213, 
217; hydrocarbons, 189, 195, 210; 
hydroxylamine derivat ives, 196, 215; 
'ketones, 195, 208, 213. 

Termolecular non-rovcrsiblc reactions, 
281. 

Tertiary alcohols, synthesis of, 206, 

210 . 1 ‘ 

Ter\alerit carbon^ 59. 

TetrankVthy Ibenzon itr i Ie, liy (1 rol y -is 

1 ofi,- 630. 

Tetrapl^enylet hano, 65. 

Tetrajihenyloctaz.ene, 257. 

Totrazofcs, 259, 266. 

Telronjjc acid, 271. . * • 
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Theory, electrochemical, 90"; electronic, Trftnothylenoimine, 257. • 4 

■■*’>7. • t * Tri phony lmcthanc, derivatives of, 

—-»»»f benzene substitution, 150; Arm- 105. . 

strong, 150, 152; Blanksma, 151; Triphonynnetliyl, 59, CO; formula of, 
CAllicpST; Crum-Brown aiuUtfbsmi. til. 

* 140; Fliirscheim, 153; Fry! 100; —chloride, C2. 

Holloman, 151. 156 ; lliibner, 140; Trithio-aldchydci), 174. 

Lapwmth,* 158; Noclting^ 140; Trithiokctoncs, 174. 

• lAicrmullor, 155; Tsehitsclubivbin, Truxillie. arid, 181. 

151* Vorliindor, 150. Turpentine oil, 2. 

— of ilonblo bond, 74. T)Vos of reactions* 109. 

- - of free valency, • Types, theory ol‘, 21, *i4 ; condensed, 


— of reactions,* Jirleninoyor, juil., 115; 
Ivekiilo, 110*,“ Lauder, 127: Lap-* 
. vMhth, 127; -^Michael, 110, 113, 125; 
»• Nef, 110, 125; van’t Holf, 110; 


47 mixed, 48. 

ITnimolecular non reversible reactions, 
*'77. ' 



'Ifcirliinder, 117; Williamson, 110; 
Wihlicenus, 120. t 
of unsaturation, 74, 82. 

— of valency, 57, 83; * Abcgg and 
Bodliindef, 58, 101 ; Briggs. 102; 

**Clayton,58; Fhirschejm, 87; Friend, 
Off; >itark, 100; .Thomson, 08; 
Tschil'diihabiu, 88; Werner, 82; 
Wunderlich, 89. 

— *of fc Baeyor, 70, 178; Collie, 157; 
Fliirscheim, 87; ILollcman, 150; 
Lapworth, 127, 158; Michael, 114, 
101; Thiele, 133; Tschitschibabin, 
88; Wislicenus, 120. 

Tliio aldehydes, ‘.28. 

Thio-anilides, 215. 

Thio-imloxyl, 187. 

Thiokelones- 128. 

Thu jane, 104. », 

Tlmjol, 107. 

Thytuoqumonc, o.time formation, 332. 
ThymoWc acid, esterification if, 330. 
Te%ne trichloride, 05. 

Triacetyl benzene, 220. 

L'riazane compounds, 250. 

Tria/ene compounds, 250. 

T/ iazoles, 250. 

Tribonzoyf, benzene, 220. 

T •ibiplienylmethane, 01. 
Tribromobenzone, 202. 

Tribroinobutane dicarbnxylie acid, 182. 
Triiueric a, id, &27; estcrification of, 338. 
Trimethvlacrylic acid, reactivity .of, 

« *■!» cr 

•M. 


. Trimetliylanimoniuin-azobcnzcne clilo- 
. ride, 148. 

Trimet/iylbcnzoic acid, esterification 
of, 334 f 

Trimet v .'yl benzol)i^riie, hydrolysis of, 
■ • -■* 


Union of carbon-nitrogen, 251; carbon- 
carbon, 174- carbon-oxygen, 208. 

Unitary system, 25. 

Uusal M rated iteids, reduction of, 107. 

- compounds, reactions of, 112. 

-- groups, nature of, 74. , 

' Urea, synthesis ot, 0. 

Uric acid, 2. 

I 

Valency,''auxiliary, and principal, 90; 
carboiV, 50; contra and normal, 58, 
101 ; double, 09; electrons, 100; 
latent, 90; isomerism, 02; partiai, 
133; primary and secondary, 50; 
residual, 00; variable, 57; volume, 
81 , and atUnily, 107 ; ymi physical 
propei ties, 81. 

thcoiios of, 50, 83; Abrgg and 
1>'id hinder, 101 ; Briggs, 01, \02; 
Claus, 85; Fliirscheim^ «S7 ; Friend, 
05; Knoovmi;/;el, 77; Stark, 100; 
'1 ho ison, 08 ; I'horpe, 78 ; Tscliit- 
sehihahm, 88; Werner, 85, 90; 
Wuaderlich, 80. 

— theories of, electrochemical, 00; 
elvCtroiiic. 07. 

Velocity of intramolecular rearrange¬ 
ment, 278; of esterification, 200, 
335. 

— of organic reactions, 275. , 

Vinylac.rylie acid, 202. 

Vital force, 3, 0. 

Xanthome, 271. 

Xyliilines, methylation of, 376. 

Xyloquinone, 211. 

* 

Zinc alkyl compounds^ 205; coudensa- 
tiJns, 200. 


o 
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Angeli, 203. *• * 

— ami MurchoMJ. 231. 

Anschutz, 350. 

— and Immendorff, 198. 

Armstrong, benzene substitution, 150, 

152 ' * 

— and Caldwell, 289. 

Arrhenius, 99. 

Asidian, 180. 

Anslin, 172. i 

A it wits, 202, 203, 353. 

Avogadro, 3. • 

* r 

Baeyer, strain tlu-ory, 76, 178; syn¬ 
thesis of cyclic citinpounds, 225; of 
cyclohexane, 185*; <>f dtphcnyl- 

niethane, 213; of litesilylox^le, 238; 
of jiliorone, 238. 

— and Prow-ion, 239. 

— and Villiger, 122, 118, 209. 

Italy, 101. 

Bamberger, 123. Ill, 255, 318. 

— and Hisiifg, 3IS. 

Harhier, 209. 
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Berlhelot, 273, 275. 
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atomic weights, 3; electrochomieal 
theory, 0, 33$. oiganic compounds, fe; 
school of, 31. 

Hilt/, liS, 119. 
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Blaise, 210, 2J3. 

Blanc, 200. 

Blank> sin, 151, 27S. 
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Bodroitx, 212, 21*1. 

ISoeliin, 213. 

Bohr, 97. 

Bolscken, 297. . 
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— and Sprankling, 192 
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Briner, 92. 

Briihl. 70. 

Brunei, 105. 
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